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ABSTRACT
Hie s te r e o c h e m is t r ie s  o f a number o f  n u c le o p h i l ic  d isp lacem en t 
r e a c t io n  o f  1- s u b s t i t u t e d - l , 2 -d im eth y 1- 1-s i la c y c lo b u ta n e s  have been 
in v e s t ig a te d .  R e te n tio n  o f c o n f ig u ra t io n  was observed  upon re d u c t io n , 
w ith  LiAlH4 in  e th e r ,  o f  th e  m ethox ide , f l u o r id e ,  and c h lo r id e  
d e r iv a t iv e s ,  and a ls o  upon d isp la ce m e n t o f c h lo r id e  w ith  G rignard  
re a g e n ts .  R eac tio n  o f  th e  j j - a n i s y l  d e r iv a t iv e  w ith  brom ine i s  more 
c o m p lic a te d , g iv in g  d i f f e r e n t  iso m eric  p ro d u c t r a t i o s  a t  d i f f e r e n t  
te m p e ra tu re s . The s te re o c h e m ic a l s tu d ie s  a re  in te r p r e ta b le  e i t h e r  
in  term s o f  an in c re a se d  b a r r i e r  to  in v e rs io n  a t  s i l i c o n  due to  
in c re a se d  an g le  s t r a i n ,  o r as fo rm a tio n  o f a p e n ta c o o rd in a te  sp e c ie s  
th a t  undergoes p e rm u ta tio n s1 is o m e r iz a t io n .
The geom etric  isom ers o f  1 ,2- dime th y l- 1 - s i la c y c lo b u ta n e  have 
been su b je c te d  to  s o lv o ly s i s  in  a lk a l in e  aqueous m ethanol.
R ing-opened p ro d u c ts  have been  i s o l a t e d ,  and ev idence  has been 
accum ulated in d ic a t in g  th a t  r in g  opening and h y d rid e  d isp lacem en t 
occur a t  c o m p e titiv e  r a t e s .  No c i s  o r  t r a n s  is o m e r iz a tio n  occu rs  
d u rin g  th e  co u rse  o f  th e  r e a c t io n .  K in e tic  and s te reo c h e m ica l 
r e s u l t s  o f  h y d rid e  d isp la ce m e n t a re  in te r p r e ta b le  in  term s o f  e i t h e r  
a ra te -d e te rm in in g  fo rm a tio n  o f a p e n ta c o o rd in a te  in te rm e d ia te  o r 
d i r e c t  d isp la ce m e n t.
The k in e t i c s  o f  is o m e r iz a t io n  o f c i s - l - e h l o r o - 1 ,2-d im e th y l-  
1 -s ila c y c lo b u ta n e  w ith  hexam ethy lphosphoric  tr ia m id e  (HMPT) has been 
in v e s t ig a te d .  The r e a c t io n  i s  f i r s t - o r d e r  in  c h lo ro s i la n e  and 
seco n d -o rd e r in  HMPT a t  low HMPT c o n c e n tra tio n s  b u t f i r s t - o r d e r  a t
xi
h ig h  HMPT c o n c e n tra t io n s .  H a l id e -h a l id e  exchange accom panies 
is o m e r iz a t io n . The r e s u l t s  in d ic a te  th e  mechanism of is o m e r iz a tio n  
to  be a tw o -s tep  d isp lacem en t o f  h a l id e  ion  to  g iv e  a p e n ta c o o rd in a te  
in te rm e d ia te  t h a t  i s  e i t h e r  sym m etrical o r a b le  to  undergo 
p e rm u ta tio n a l is o m e r iz a tio n .
CHAPTER I  
INTRODUCTION
W ith th e  in c re a s e d  i n t e r e s t  in  r e c e n t  y e a r s  in  r e a c t io n s  o f 
o rg a n o s il ic o n  compounds, g r e a te r  em phasis has been  p laced  on 
d e te rm in a tio n  o f  th e  mechanisms o f  th e se  r e a c t io n s .  This f i e l d  has 
ex p e rien ced  a trem endous g row th , due p r im a r i ly  to  th e  s tu d y  o f 
o p t i c a l l y  a c t iv e  t r io r g a n o s i la n e s  by Sommer and c o -w o rk e rs . 1 Yet 
th e  mechanisms o f  many r e a c t io n s  a re  n o t known w ith  any c e r t a i n t y ,  
and r e c e n t ly ,  th e  mechanisms o f some r e a c t io n s  t h a t  w ere p re v io u s ly  
b e lie v e d  to  be w e ll  e s ta b l i s h e d  have been q u e s tio n e d . 2”4
A lthough carb o n  and s i l i c o n  a re  c o n g en e rs , many d if f e r e n c e s  
a re  found in  th e  mechanisms o f  s im i la r  r e a c t io n s  due to  th e  re lu c ta n c e  
o f  s i l i c o n  to  form  Tr-bonded s p e c ie s 5 o r  th r e e -c o o rd in a te  s p e c ie s . 6 
F u r th e r ,  s i l i c o n  ap p ea rs  to  fo llo w  some m e c h a n is tic  pathway th a t  is  
n o t p o s s ib le  fo r  c a rb o n , as i s  e v id e n t by th e  much g r e a te r  r e a c t i v i t y  
o f b rid g eh ead  c h lo ro s i la n e s  v s .  analogous carb o n  sy s te m s . 7
N u c le o p h il ic  s u b s t i t u t i o n  r e a c t io n s  o f  t r io r g a n o s i la n e s  have 
been e x te n s iv e ly  s tu d ie d .  Three b a s ic  mechanisms appear to  o p e ra te :  
Sig2 - S i ,  S f l i-S i , and fo rm a tio n  o f e x tr a -c o o rd in a te  in te r m e d ia te s •1
The Sfl[2 - S i  mechanism i s  analogous to  S}j2 r e a c t io n s  f o r  carb o n . 
I n i t i a l  b a c k -s id e  a t t a c k  le a d s  to  a t r a n s i t i o n  s t a t e  in  which s im u l­
taneous b o n d -b reak in g  and bond-making o c c u r . In v e rs io n  o f  c o n fig u ­
r a t i o n  r e s u l t s .  Sjj2- S i  r e a c t io n s  occur u s u a l ly  when th e  c o n ju g a te  
a c id  of the  le a v in g  group has a pKa le s s  th an  ab o u t 6 , p ro v id in g  th e
1
2e n te r in g  group i s  more b a s ic  th an  th e  le a v in g  g ro u p . 8 The n a tu re  o f 
th e  s o lv e n t  appears  to  have l i t t l e  e f f e c t  on th e  mechanism.
I f  the pKa of the conjugate ac id  o f the le a v in g  group i s  g r e a te r  
than  10 th en  the  u su a l s te re o c h e m is try  i s  r e t e n t io n  o f c o n f ig u ra ­
t i o n . 1 ’9 These r e a c t io n s  p roceed  th rough  th e  S fji-S i mechanism which 
in v o lv es  q u a s i - c y c l ic  r a t e - c o n t r o l l i n g  t r a n s i t i o n  s t a t e s  which a re  
g e n e ra l ly  fo u r -c e n te re d  b u t a ls o  may be t h r e e - ,  f i v e - ,  o r 
s ix - c e n te r e d .10  The e l e c t r o p h i l i c  p a r t ,  E , o f the  a t ta c k in g  
n u c le o p h i le ,  Y, a s s i s t s  in  p u l l in g  o f f  th e  le a v in g  group X (F ig u re
1 -1 ) . P a r t i c ip a t io n  o f  s i l i c o n 's  3d o r b i t a l s  may occur to  low er th e
R3S l - , ^ - - E
F ig u re  1 -1 . T ra n s i t io n  s t a t e  fo r  S]fli-Si mechanism.
f r e e  energy  o f the  t r a n s i t i o n  s t a t e  and may even p e rm it th e  Sjgi-Si 
mechanism to  occur th rough  an u n s ta b le  p e n ta c o o rd in a te  in te rm e d ia te . 1
The p resen ce  o f e x tr a -c o o rd in a te  in te rm e d ia te s  in  r e a c t io n s  
o f s i l i c o n  compounds has been proposed innum erable tim e s . P a r t i c i ­
p a t io n  o f s i l i c o n 's  3^ o r b i t a l s  i s  u s u a l ly  invoked to  e x p la in  such a 
mechanism, w h ile  th e  la c k  o f p a r t i c ip a t io n  o f  th e  carbon  d - o r b i t a l s  
i s  invoked to  p o in t o u t th e  i n a b i l i t y  o f carbon  to  form such i n t e r ­
m e d ia te s . However, r e c e n t ly  a r e a c t io n  a t  carbon  th a t  o ccu rred  w ith  
r e t e n t io n  o f c o n f ig u ra t io n  was su g g es ted  to  p roceed  th rough a 
p e n ta c o o rd in a te  in te rm e d ia te . 11 Indeed th e re  i s  a number o f s ta b le  
f iv e -  and s ix -c o o rd in a te  s i l i c o n  compounds. The h e x a f lu o r o s i l i c a te
3an io n 12 ( l ) ,  t r i p ty c h - s i lo x a z o l id in e s 1 3 *14 ( 2 ) ,  and alkylammonium 
s i l i c o n a te  s a l t s  d e r iv e d  from  1 ,2 - d io l s 1 5 »l s  ( 3 ) a re  t y p i c a l .  Y et
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t h e i r  e x is te n c e  by no means p roves th e  p re sen ce  o f such in te rm e d ia te s  
in  r e a c t io n s  o f t r i o r g a n o s i la n e s .  The m a jo r ity  o f  the  ev id en ce  th a t  
implies th e  p re sen ce  o f  e x tr a -c o o rd in a te  in te rm e d ia te s  i s  from k in e t ic  
d a ta .  For exam ple, th e  sm all d i f f e r e n c e s  in  r a t e s  o f r e a c t io n s  w ith  
d i f f e r e n t  le a v in g  groups have been  su g g es ted  as ev idence  fo r  slow 
ra te -d e te rm in in g  fo rm atio n  o f  p e n ta c o o rd in a te  in te rm e d ia te s . 3 j4 
D e f in i te  p ro o f o f  th e  p re sen ce  o f  such in te rm e d ia te s ,  how ever, has 
n o t been p re s e n te d .
The above d is c u s s io n ,  a t  l e a s t  w ith  r e s p e c t  to  Sjj2- S i  and 
S jj i-S i r e a c t io n s ,  i s  somewhat o v e rs im p lif ie d .  S te reo ch em ica l 
c ro s so v e r  from in v e rs io n  to  r e t e n t io n  o r r e te n t io n  to  in v e rs io n  has 
been observed  in  a number o f  r e a c t io n s  and has been shown to  be a 
fu n c tio n  o f  the n u c le o p h i le ,  the  le a v in g  g roup , and th e  s o lv e n t . 9,10,17 
Even s u b t le  changes in  th e  system  can a p p a re n tly  change the  mechanism. 
C o n s id e r, fo r  exam ple, th e  re d u c tio n  o f a-napthylphenylm ethylfluorosilane
k1
w hich occu rs  w ith  in v e rs io n  o f c o n f ig u ra tio n , w h ile  th e  r e d u c tio n  of 
^ occu rs  w ith  r a c e m iz a tio n . 18
Systems in v e s t ig a te d  u n t i l  r e c e n t ly  a re  b a s ic a l ly  very  
s im ila r  w ith  r e s p e c t  to  s i la n e  s t r u c tu r e  and th u s  p robab ly  have n o t 
re v e a le d  some perhaps common s te reo c h e m ica l p o s s i b i l i t i e s .  R ecent 
in v e s t ig a t io n s  by Sommer w ith  th e  1 -s ila a c e n a p h th e n e  sy stem , in  
w hich th e  s i l i c o n  atom i s  in c o rp o ra te d  in to  a s t r a in e d  r i n g ,  have
19a lre a d y  shown one such new p o s s i b i l i t y .
A p rom ising  system  in  which to  g a in  new in fo rm a tio n  i s  
s i la c y c lo b u ta n e s . The ch em istry  o f t h i s  r in g  system  has been s tu d ie d  
e x te n s iv e ly  and has r e c e n t ly  been rev iew ed . 20 Due m ain ly  to  the  work 
o f D am rauer, s i la c y c lo b u ta n e s  may now be p rep a red  in  h ig h  y i e l d s . 21 
S ila c y c lo b u ta n e s  a re  more r e a c t iv e  th a n  a c y c l ic  s i l a n e s  and 
c y c lo b u ta n e s . They o f te n  undergo r in g  opening and a re  th e rm a lly  
u n s ta b le ,  p o ly m eriz in g  slo w ly  even a t  room tem p era tu re  to  polym ers 
t h a t  c o n ta in  s i l i c o n  in  th e  main c h a in . 22 Undoubtedly th e  r e l i e f  o f  
r in g  s t r a i n  i s  th e  d r iv in g  fo rc e  f o r  t h e i r  in c re a se d  r e a c t i v i t y .
The C-Si-C an g le  has been de term ined  to  be 80° in  bo th  1 ,1 -d im e th y l-  
and 1 , 1- d ic h lo r o s i la c y c lo b u ta n e . 23
5Only r e c e n t ly  have s tu d ie s  been u n d e rtak en  w ith  s u b s t i t u te d  
s i la c y c lo b u ta n e s  in  which g eom etric  isom erism  i s  p o s s ib le .  Dubac 
and co -w orkers  p rep a red  a number o f  d e r iv a t iv e s  o f  1 , 2- and 
1 , 3-d im e th y l-1- s i la c y c lo b u ta n e  and s tu d ie d  th e  s te re o c h e m is try  o f 
some r e a c t i o n s . 24”27 A ll r e a c t io n s  t h a t  were s t e r e o s p e c i f i c  
p roceeded  w ith  r e t e n t io n .  R eac tions o f th e  1 -c h lo ro s i la c y c lo b u ta n e s  
w ith  a lc o h o ls  and amines w ere n o t s t e r e o s p e c i f i c  b u t r a th e r  
s t e r e o s e l e c t i v e ,  and th e  r e s u l t s  were in te r p r e te d  in  term s o f an 
e x tr a - c o o r d in a te  in te rm e d ia te  t h a t  underw ent " s te re o m u ta t io n " ,26 
The r e s u l t s  o f f u r th e r  in v e s t ig a t io n s  o f  r e a c t io n s  o f
1 , 2-d im e th y ls i la c y c lo b u ta n e s  w i l l  be p re se n te d  h e r e in .  S ig n i f ic a n t  
c o n c lu s io n s  co n ce rn in g  th e  mechanisms o f n u c le o p h i l ic  s u b s t i t u t i o n  
a t  s i l i c o n  w i l l  be made.
CHAPTER II
STEREOCHEMISTRY OF REACTIONS OF SILACYCLOBUTANES 
The s te re o c h e m is try  o f  r e a c t io n s  a t  asym m etric s i l i c o n  atoms 
has been s tu d ie d  in  a number o f d i f f e r e n t  c h i r a l  o rg a n o s ila n e  system s 
A side from  a c y c l ic  sy s te m s , such as th e  a -n a p h th y lp h e n y lm e th y ls ila n e  
sy stem , 1 ’28 s te re o c h e m ic a l s tu d ie s  have been made w ith  th e  tr ih y d ro -
2-s ilan ap h th a len e  system 1 8 ’29 »3°  (j^), and, to  a much le s s  e x te n t ,  w ith
th e  lj--t e r t - b u t y l - 1- s i la c y c lo h e x a n e , and 1 , 2-d is i la c y c lo h e x a n e  
sy stem s . 3 1 ’32 The r e s u l t s ,  as p re v io u s ly  d is c u s s e d , have in d ic a te d  
th a t  the  s te re o c h e m ic a l outcome depends on th e  n a tu re  o f the  e n te r in g  
and le a v in g  groups and som etim es th e  s o lv e n t ,  b u t n o t no rm ally  on 
o rg a n o s ila n e  s t r u c tu r e .  The f i r s t  s i g n i f i c a n t  d e v ia t io n  from th i s  
type o f b eh av io r was r e c e n t ly  re p o r te d  by Sommer. 19 In  the  
1- p h e n y l-1- s i la a c e n a p h th e n e  r in g  system  ( 6 ) bo th  in v e rs io n  and
7r e t e n t io n  a re  re a so n a b le  s te re o c h e m ic a l p o s s i b i l i t i e s ,  b u t on ly  
r e t e n t io n  was o b se rv ed , even in  th e  r e d u c tio n  o f  th e  c h lo ro  d e r iv a t iv e  
w ith  LiAlH4 in  e t h e r ,  w hich p ro ceed s w ith  p redom inant o r  com plete 
in v e rs io n  o f  c o n f ig u ra t io n  a t  S i  in  o th e r  c h i r a l  o rg a n o s i la n e s .
Sommer p o s tu la te d  t h a t  th e  s te re o c h e m ic a l c ro s so v e r  from in v e rs io n  
to  r e t e n t io n  i s  a s s o c ia te d  w ith  an g le  s t r a i n  a t  S i ,  the  1-Np-Si-CH2 
an g le  in  6 b e ing  9 3 *^°«19 T his o b s e rv a tio n  demanded c o n firm a tio n  
in  o th e r  an g le  s t r a in e d  system s th a t  in c o rp o ra te  s u b s t i tu e n ts  w ith  
le s s  e le c t r o n ic  and s t e r i c  in f lu e n c e s .  A system  th a t  met th e  
req u irem en ts  was th e  1 , 2-d im e th y l-1- s i la c y c lo b u ta n e  r in g  system .
Dubac and co -w orkers  have re p o r te d  th e  d isp la ce m e n t o f  
t e r t -b u to x id e  from  2-m e th y l- and 3“me th y l - l - s i l a c y c lo b u ta n e s  by 
methylmagnesium io d id e  o r  n - b u ty l l i th iu m  o r LiAlH4 , a l l  o f  th e se  
r e a c t io n s  b e in g  s t e r e o s p e c i f i c  w ith  r e t e n t i o n . 2 5 *27 However, 
s im i la r  r e a c t io n s  in v o lv in g  d isp la ce m e n t o f  a lk o x id e  in  n o n s tra in e d  
system s a ls o  p roceed  w ith  r e t e n t i o n . 1 The same a u th o rs  re p o r te d  th e  
re d u c tio n  of 1 , 2-d im e th y l- l - c h lo ro -1 - s i la c y c lo b u ta n e  (7 ) by LiAlH4/-w*
to  be n o n s te r e o s e le c t iv e , 25 Slow in v e rs io n  o f  s i l i c o n  h y d rid e s  
induced  by LiAlH4 i s  known to  o ccu r and p ro b ab ly  acco u n ts  fo r  the  
re p o r te d  n o n s te r e o s e le c t iv e  r e d u c t io n . 33
Of i n t e r e s t  were th e  r e a c t io n s  o f 1 -c h lo ro ,  1 - f lu o r o - , and 
l-m e th o x y - l ,2-d im e th y l-1 -s i la c y c lo b u ta n e  w ith  LiAlH4 in  e th y l  e th e r .  
The s te re o c h e m is try  o f th e se  r e a c t io n s  has p re v io u s ly  been th o ro u g h ly  
s tu d ie d  w ith  o th e r  sy stem s. The re d u c tio n  o f c h lo ro s i la n e s  no rm ally  
p roceeds w ith  in v e rs io n  o f  c o n f ig u ra t io n  r e g a r d le s s  o f  th e  s o lv e n t  
o r n a tu re  o f th e  red u c in g  r e a g e n ts ,  th e  on ly  e x c e p tio n  b e in g  th a t
8p r e v io u s ly  d isc u sse d  and bridgehead c h lo r o s i la n e s  where in v e r s io n  
i s  not p o s s i b l e .34
The re d u c tio n  o f  f lu o r o s i la n e s  i s  unusual in  the r e sp e c t  
th a t  both in v e r s io n  and r e te n t io n  o f  c o n f ig u r a t io n  have been observed  
even through the pKa o f  HF (3 . 2 ) i s  l e s s  than 6 ,  and th e r e fo r e  
in v e r s io n  o f  c o n f ig u r a t io n  would be e x p e c te d . In v e r s io n  occurred  in  
the red u ctio n  o f  Of-NpPhMeSiF w ith  LiAlH4 or ji-BusAlH in  e th y l  e th e r  
but r e te n t io n  was observed  when th e same compound was reduced in  
hexane w ith  .i-BuaAlH .1 ’9 These f a c t s ,  combined w ith  the r e s u l t s  
ob ta in ed  by Sommer w ith  the s ila a c en a p h th en e  system  in d ic a te d  th a t  
r e d u c tio n  o f  1 - f l u o r o - l , 2 - d im e th y l-1 -s ila c y c lo b u ta n e  (8 )  would 
probably proceed  w ith  r e te n t io n  o f  c o n f ig u r a t io n . The o b se r v a tio n  
by C orriu  o f  ra ce m iza tio n  in  the r e d u c tio n  by LiAlH4 o f  
l - a - n a p t h y l - 2 - f lu o r o -1 ,3 j^ - tr ih y d r o -2 - s i la n a p h th a le n e , l a  where S i  
i s  in corp orated  in  a six-membered r in g ,  n e c e s s i ta t e d  the d eterm in a tio n  
o f  the s te r e o c h e m ic a l outcome o f  the re d u c tio n  o f  the f lu o r o  
d e r iv a t iv e .
The r e d u c tio n  o f  1 -m e th o x y - l ,2 -d im e th y l- l- s i la c y c lo b u ta n e  (9 ) 
would probably proceed w ith  r e te n t io n  o f  c o n f ig u r a t io n  s in c e  a c y c l ic  
a lk o x y s ila n e s  g iv e  r e te n t io n  o f  c o n f ig u r a t io n 1 and o th er  d isp lacem en t  
r e a c t io n s  o f  a lk o x id e  from s ila c y c lo b u ta n e s  occur w ith  r e t e n t io n .25’27 
Such a p r e d ic t io n  r e q u ir e s  co n firm a tio n  how ever.
The p rep a ra tio n  o f  J  was c a r r ie d  ou t by the method p r e v io u s ly  
r ep o rted 24 (Scheme 2 - 1 ) .  Ring c lo su r e  by the method o f  Damrauer,21
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u sin g  magnesium powder p re v io u s ly  a c t iv a te d  w ith  e th y le n e  bromide 
a ffo rd e d  in  63$ y ie ld  an 85:15 m ix tu re , Ja and J b ,  r e s p e c t iv e ly ,  
° f  c i s - and t r a n s - 1- c h lo r o - 1 .2- d im e th v l-1- s i la c y c lo b u ta n e .*  
Compound J gave slow is o m e r iz a tio n  on d i s t i l l a t i o n  a t  a tm ospheric  
p r e s s u r e ,  b u t cou ld  be d i s t i l l e d  a t  reduced  p re s s u re  w ith o u t a 
change in  th e  iso m eric  r a t i o .  This is o m e r iz a t io n  i s  p robab ly  
due to  a t r a c e  o f e th y l  e t h e r ,  s t i l l  p re s e n t  a t  h ig h  tem p e ra tu res  
which has p re v io u s ly  been shown to  g iv e  ra c e m iz a tio n  o f c h lo ro -  
s i l a n e s . 35 The is o m e r iz a tio n  on d i s t i l l a t i o n  accoun ts  
fo r  the  v a rio u s  r a t i o s  o f  Ja and 7b used th ro u g h o u t t h i s
rs/v fs/V
^Throughout t h i s  work c i s  and t r a n s  a re  d e f in e d  w ith  r e s p e c t  
to  th e  m ethyl g ro u p s. S u f f ix  a i s  added to  th e  c i s  compounds and 
b to  th e  t r a n s .  Isom eric  ra tx o s  a re  always re p o r te d  c i s : t r a n s .
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work and fo r  th e  a p p a re n t en rich m en t o f  a m ix tu re  in  7a by d i s t i l -  
l a t i o n  p re v io u s ly  re p o r te d  by t h i s  g ro u p . 36
R ed u c tio n  o f  an 80:20  m ix tu re  o f  7a and 7b w ith  LiAlH4 in  
d ie th y l  e th e r  (R eac tio n  2 -1 ) gave an 80:20 m ix tu re , 10a and ,10b,
REACTION 2-1
,Me M®
Li A i m  _ dKiiiih iuiQ i «—Si~CI i— S i-H
I |
Me Me
7  SOAAA
r e s p e c t iv e ly ,  th e  two isom ers o f  1 , 2-d im e th y l-1- s i l a c y c lo b u ta n e , 
as  de term ined  by g lp c . S im i la r ly ,  r e d u c tio n  o f  a 60:k0  m ix tu re  o f  
7 gave a 6 0 :^0  m ix tu re  o f  10 in d ic a t in g  th e  r e a c t io n  is  
s te re o sp e c  i f  i c .
In  o rd e r  to  d e te rm in e  th e  s te re o c h e m is try  o f  th e  r e a c t io n ,  
10a and 10b w ere s e p a ra te d  by p re p a ra t iv e  g lp c . The s t r u c tu r e s  o ffS/VV <VS/V
th e  two isom ers w ere a ss ig n e d  from "Hi and l3 C NMR chem ical s h i f t s
11
(F ig u re s  2-1 and 2 -2 ) .  No a ttem p t was made to  judge th e  r e l a t i v e
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F ig u re  2 -1 . 1H (u n d e r lin e d )  and 13C ( in  p a re n th e s e s )  chem ical 
s h i f t s  f o r  c i s -  and t r a n s - 1 . 2- d im e th v l-1- 
s i la c y c lo b u ta n e , in  CDCI3 r e l a t i v e  to  TMS.
s t a b i l i t i e s  o f  s i la c y c lo b u ta n e  con fo rm ers . The r in g  i s  known to  be 
puckered b u t a ls o  to  be f l ip p in g  ex trem ely  r a p id ly  on an NMR tim e 
s c a l e .2 3 j 37 j 3a i n many s u b s t i tu te d  c y c lo a lk a n e s  s u b s t i t u e n ts  e x e r t  
an in f lu e n c e  on the  chem ical s h i f t s  o f  p ro to n s  on an a d ja c e n t carbon  
th a t  i s  s te r e o s p e c i f ic  and g r e a te r  when th e  s u b s t i t u e n t  and p ro to n  
a re  c i s  to  one a n o th e r  th an  when th ey  a re  t r a n s . 39 M ethyl groups 
g e n e ra l ly  show th e  e f f e c t  o f  s h ie ld in g  c i s  p ro to n s  on a d ja c e n t 
c a rb o n s , 40-43  and in  th e  case  o f  th e  t r a n s  iso m er, I 0 b» s h ie ld in g  
o f the  p ro to n  on S i by th e  c is  C2-Me gave r i s e  to  a reso n an ce  a t  
s u b s t a n t i a l l y  h ig h e r  f i e l d  (6 k.k-2) th a n  th e  Si-H  o f th e  c i s  isom er 
(5 I4-. T5) - A lso , the  Si-Me and C2-Me p ro to n s  appeared  a t  a h ig h e r  
f i e l d  ( s l i g h t l y ,  b u t c o n s i s te n t ly )  in  th e  c i s  iso m er. The p ro to n
FIGURE 2 -2 . 1H NMR s p e c tra  (100 MHz) o f  t r a n s -  and 
c i s - 1 , 2-d i in e th y l- l - s i la c y c lo b u ta n e  in  
CDCI3 .
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on C2 cou ld  n o t be re so lv e d  from th e  o th e r  r in g  p ro to n s  so th a t  no 
u s e fu l  co u p lin g  c o n s ta n t  d a ta  were a v a i la b le ,  no r cou ld  a n u c le a r  
O verhauser e f f e c t  be d e te rm in ed . On th e se  b a s e s ,  10a was a ss ig n ed  
th e  c i s  s t r u c tu r e  and 10b th e  t r a n s  s t r u c tu r e .  The s te reo c h e m ica l
13assignm en ts  w ere confirm ed by C chem ical s h i f t s  fo r  which a 
re a so n a b ly  c lo se  analogy  to  th e  p re s e n t  system  e x i s t s  in  a s tu d y  o f 
m e th y l- s u b s t i tu te d  p h o sp h e tan es . 44 S te r i c  i n t e r a c t io n  betw een th e  
m ethyl groups o f th e  c i s  isom er gave r i s e  to  re so n an ces  a t  h ig h e r  
f i e l d  fo r  bo th  th e  Si-Me (6 ~7-0) and th e  C2-Me (fi 1 5 .6 ) r e l a t i v e  
to  th e  SiMe (6 - 2 .3 )  and C2-Me (d 1T«3) o f  th e  t r a n s  isom er. This 
h igh  f i e l d  s h i f t  was a ls o  observed  f o r  th e  C2 re sonance  o f th e  c i s  
isom er.
F ree  r a d ic a l  c h lo r in a t io n  u s in g  CC14 and benzoyl p e ro x id e  
was c a r r ie d  o u t on 10a to  g iv e  Ja (R eac tio n  2 -2 ) .  The r e a c t io n  was
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g r e a te r  th an  95$ s t e r e o s p e c i f ic  as de term ined  by NMR. S im ila r ly ,
10b gave 7b . S ince th i s  r e a c t io n  goes th rough  a s i l y l  r a d ic a l  r*rJV
in te r m e d ia te ,4 5 j46 10a was presumed to  have a r i s e n  from Ja w ith
Ik
r e t e n t io n  o f c o n f ig u r a t io n .47" 50 1H chem ical s h i f t s  of th e  Si-Me 
groups in  th e  c h lo r id e s  o f fe re d  a d d i t io n a l  ev id en ce  th a t  Ja had the
c i s  s t r u c tu r e  and Jb the  t r a n s  s t r u c t u r e .  Due to  s h ie ld in g  o f  th e
r  11 '
c i s  C2-Me in  Ja the  Si-Me appeared  a t  h ig h e r  f i e l d  (6 0 .5 5 )  th a n  the' ” 1 1 rs^ sj
Si-Me in  7b (6 0 .6 2 ) .  Perhaps s u r p r i s in g ly ,  th e  assignm en t meant 
th a t  th e  o r ig in a l  r in g  c lo s u re  gave a s u b s t a n t i a l l y  g r e a te r  amount o f 
th e  c i s  isom er th an  t r a n s  iso m er, w hereas co n fo rm a tio n a l a n a ly s is  
in d ic a te s  th a t  m ethyl i s  a p p re c ia b ly  l a r g e r  th an  c h lo r in e 51 and 
CNDO/2 c a lc u la t io n s  in d ic a te  th e  t r a n s  isom er i s  therm odynam ically  
more s ta b le  52 The s te reo c h e m ica l assignm en ts  w ere in  acco rd  w ith  
th o se  made p re v io u s ly 24 and le d  to  th e  f irm  c o n c lu s io n  th a t  
r e d u c tio n  o f  S i-C l by LiAlH4 in  th e  s i la c y c lo b u ta n e  r in g  system  
proceeded w ith  r e t e n t io n  o f c o n f ig u ra t io n .  Hie ang le  s t r a i n  e f f e c t  
was thus con firm ed .
R eac tio n  o f a J0:J>0 m ix tu re  o f  Ja and 7b r e s p e c t iv e ly  w ith  
m ethanol u s in g  q u in o lin e  as an a c id  a c c e p to r  (R eac tio n  2 -5 ) gave a
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70:50  m ix tu re , 9a and 9b r e s p e c t iv e ly ,  o f  th e  two isom ers o f
15
1 , 2- d im e th y l- l -m e th o x y - l- s i la c y c lo b u ta n e . chem ical s h i f t s  o f  th e  
Si-Me groups in d ic a te d  £ a  had th e  c i s  s t r u c t u r e ,  h av in g  a resonance  
a t  h ig h e r  f i e l d  th an  th e  t r a n s  iso m er, 9 b . The chem ical s h i f t s  o f  
th e  O-Me groups w ere n o t c o n s i s te n t  w ith  t h i s  a ss ig n m e n t, th e  O-Me 
o f £ a ,  w here i t  i s  t r a n s  to  th e  C2-Me, a p p ea rin g  a t  h ig h e r  f i e l d  
th an  th e  O-Me o f 9b* The ass ignm en ts  o f  s t r u c tu r e s  w ere th e  same 
as th o se  proposed by Dubac and M a z e ro lle s . 2 4 »26
R eduction  o f  th e  70:50  m ix tu re  o f  9a and 9b w ith  LIAIH4 gave 
a 75:25 m ix tu re  o f 10a and 10b. I f  th e  s t r u c t u r a l  a ss ig n m en ts  o f  
th e  isom ers o f  £  a re  c o r r e c t  then  th e  r e d u c tio n  m ust have o ccu rred  
w ith  >90$  r e t e n t io n  o f c o n f ig u r a t io n ,  as a n t i c ip a te d .
In  o rd e r to  de te rm in e  i f  th e  r e d u c tio n  o f th e  f lu o ro  
d e r iv a t iv e  was s t e r e o s p e c i f i c , 7 was r e a c te d  w ith  z in c  f lu o r id e  
(R eac tio n  2-^-) to  g iv e  a 70:30  m ix tu re , 8a and 8b r e s p e c t iv e ly ,  o f
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c i s  and t r a n s - 1- f lu o r o - 1 . 2- d im e th y l-1 -s i la c y c lo b u ta n e . The 
assignm en ts  o f  8a as th e  c i s  isom er and 8b as th e  t r a n s  isom er w ereu 11 1 117 iMv 1
from th e  1H chem ical s h i f t s  o f  th e  Si-Me groups and 19F chem ical
16
s h i f t s ,  bo th  b e ing  c o n s i s te n t  and b e ing  based  on re a so n in g  s im i la r  
to  t h a t  a p p lie d  to  th e  h y d r id e s .  The r e a c t io n  o f  th e  c h lo r id e  w ith  
z in c  f lu o r id e  was n o n s te r e o s p e c if ic  s in c e  b o th  a 70:30 and 50:50  
m ix tu re  o f  7a and 7b gave a 70:50 m ix tu re  o f  8a and 8b .rlrv sir** 1 ^
R eduction  o f  th e  70 :50  m ix tu re  o f  8a and 8b w ith  LiAlH^, gave
a 70:50  m ix tu re  o f  10a and 10b r e s p e c t iv e ly .  A lthough no o th e r  r a t i o
o f  8a and 8b was a v a i la b le  f o r  r e d u c t io n ,  i t  was e v id e n t  t h a t  th e
o / v  / w
r e a c t io n  was s t e r e o s p e c i f i c  s in c e  th e  e q u il ib r iu m  r a t i o  o f  10a toevsiv
10 b i s  known to  be k6:5k  r e s p e c t iv e ly  (se e  C hap ter I I I ) .  I f  th e  
r e a c t io n  w ere n o n s te r e o s p e c if ic  th e  e q u il ib r iu m  r a t i o  o f  1^0 would 
p ro b ab ly  have been form ed. The r e s u l t s  re v e a le d  t h a t  th e  racem i- 
z a t io n  observed  by C o rr iu  in  th e  re d u c t io n  o f  th e  6 -membered c y c l ic  
f lu o r o s i l a n e  i s  n o t c h a r a c t e r i s t i c  o f  a l l  c y c l i c  s i l a n e s .
S ince  a l l  r e a c t io n s  o f  s t r a in e d  c y c l i c  s i l a n e s  in  w hich 
th e  s te re o c h e m is try  was known occurred w ith  predom inan t r e t e n t io n  
o f c o n f ig u r a t io n ,  th e  q u e s tio n  rem ained  as  to  w h e th er any r e a c t io n s  
o f  such system s would occu r w ith  in v e rs io n  o f  c o n f ig u r a t io n .  I f  
Sommer's p o s tu la te  i s  c o r r e c t ,  t h a t  th e  b e t t e r  th e  le a v in g  group 
th e  g r e a te r  th e  tendency  fo r  in v e rs io n  o f  c o n f ig u r a t io n , 18  th en  
n u c le o p h i l ic  d isp la ce m e n t o f  b e t t e r  le a v in g  groups th an  c h lo r id e  
io n  would p o s s ib ly  p roceed  w ith  in v e r s io n .  Such a le a v in g  group 
was found in  d e s ily la tio n  r e a c t io n s  which proceed  th rough  Wheland 
in te rm e d ia te s  (Scheme 2 - 2 ) . 53 C leavage can  be accom plished  w ith
IT
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m ost o f  th e  re a g e n ts  t h a t  g iv e  e l e c t r o p h i l i c  a ro m a tic  s u b s t i t u t i o n ,  
and as e x p e c te d , occu r w ith  in v e rs io n  o f  c o n f ig u ra t io n  in  th e  case  
o f  h a lo g e n s . 54 The s tu d y  o f such r e a c t io n s  o f  s i la c y c lo b u ta n e s  i s  
c o m p lic a te d , how ever, by r in g  o p en in g . 20 In d e e d , d i s c o lo r a t io n  o f 
brom ine has been used  as a t e s t  f o r  s i la c y c lo b u ta n e s  a lth o u g h  th e  
p ro d u c ts  o f  th e  r e a c t io n  have n o t been c h a r a c te r iz e d . 55
R ea c tio n  o f a 50 :50  m ix tu re  o f  7a and Jb w ith  ja -to ly lm agnesium  
brom ide (R e ac tio n  2- 5 ) gave a 5 0 : 50 m ix tu re , 11a and l i b ,  o f  th e  two
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isom ers o f  1 , 2-d im e th y l- l- jg i- t o l y l - l - s i l a c y c l o b u t a n e .  R ea c tio n  o f 
11 w ith  hydrogen f lu o r id e  gave a p p a re n tly  e i t h e r  o r  bo th  n -b u ty l  
and s e c - b u ty ld if lu o ro m e th y ls i la n e  (R eac tio n  2 - 6 ) ,  and w ith
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brom ine gave an a p p a re n t m ix tu re  o f  th e  r in g  opened p ro d u c ts  shown 
in  R ea c tio n  2 -7 .  A lthough th e  p ro d u c ts  w ere n o t f u l l y  c h a r a c te r iz e d ,
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th e  d e s ir e d  p ro d u c ts  w ith  th e  r in g  i n t a c t  d e f i n i t e l y  w ere n o t p re s e n t  
in  th e  p ro d u c ts .
To f a c i l i t a t e  e l e c t r o p h i l i c  a t ta c k  on th e  a ro m a tic  r in g  
l “P - a n is y l - l ,2 - d im e th y l - l - s i l a c y c lo b u ta n e ,  12, was p re p a re d . Reaction 
o f  a 50*50 m ix tu re  o f  7a and 7b w ith  j>~anisylm agnesium  brom ide gave a 
50:50  m ix tu re  o f  12a and 12b (R eac tio n  2 - 8 ) .  S im i la r ly ,  an 85:15
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m ix tu re  o f  and r e s p e c t iv e ly  gave an approx im ate  85:15  m ix tu re  
o f  12a and 12b. The s t r u c tu r e s  o f  th e  two isom ers w ere a ss ig n e d  
from t h e i r  1H NMR s p e c tra  (F ig u re  2 - 5 )° The Si-Me o f  th e  c i s  
isom er app ears  a t  a s l i g h t l y  h ig h e r  f i e l d  th a t  th e  t r a n s  iso m er. 
A lso , th e  C2-Me o f  th e  t r a n s  iso m er, w here i t  i s  c i s  to  th e  a ro m atic  
r i n g ,  ap p ears  a t  s u b s t a n t i a l l y  h ig h e r  f i e l d  th an  th e  C2-Me o f  th e  
c i s  iso m er. Such d iam ag n etic  a n is o t r o p ic  s h i f t s  a re  w e ll known3 9 »56 
and have p re v io u s ly  been observed  in  phenyl s u b s t i t u t e d  c y c l i c  
s i l a n e s . 32 A s im ila r  s h i f t  to  h ig h e r  f i e l d  i s  observed  f o r  th e  
Cp-Me o f  l i b .  On th e s e  b a s e s ,  12a i s  a ss ig n e d  th e  c i s  s t r u c tu r e
/VWw/ rwvw " i "T" "
and 12b th e  t r a n s  s t r u c t u r e .  The ass ignm en ts  mean th a t  th e  
d isp la ce m e n t o f  c h lo r id e  from 7 w ith  th e  G rig n ard  re a g e n ts  p roceeds 
w ith  predom inant r e t e n t io n  o f c o n f ig u ra t io n .  T his i s  c o n tra ry  to  
th e  s te re o c h e m is try  n o rm ally  observed  in  th e  r e a c t io n  o f G rignard  
re a g e n ts  w ith  c h lo ro s i la n e s  which u s u a l ly  o ccu r w ith  in v e r s io n .29 
However, a r y l  G rignards o f te n  f a i l  to  r e a c t  w ith  th e  s t e r i c a l l y  
h in d e re d  c h lo r o s i la n e s  used  in  s te re o c h e m ic a l s tu d ie s 29 and thus 
l i t t l e  i s  known o f th e  r e a c t io n s . One c h lo r o s i la n e  has been shown 
to  g iv e  p redom inant ( 56$) r e t e n t io n  o f  c o n f ig u ra t io n  when re a c te d  
w ith  phenylm agnesium  b ro m id e .57
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FIGURE 2 -3 . XH NMR s p e c tr a  (100 MHz) o f 1 - ( ^ - a n i s y l ) - 1 ,2 -d im e th y l-1  
s i la c y c lo b u ta n e .  (A) 85:15 m ix tu re  o f  c i s  and t r a n s .  
( b ) 50 :50  m ix tu re  o f  c i s  and t r a n s .  (A rom atic p ro to n s  
a re  n o t show n.)
20a
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R eac tio n  o f a 50^50 m ix tu re  o f  12a and 12b w ith  HF gave a
r s iv r v
m ix tu re  o f  8 and an a p p a re n t d i f l u o r o s i l a n e  (R e ac tio n  2 -9 )  p ro b ab ly
/ v
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th e  same as observed  in  th e  r e a c t io n  o f 11 w ith  HF. The r a t i o  o f 
8a to  8b was c a . 70 :50  r e s p e c t iv e ly .  S in ce  th e  same iso m e ric  r a t i orWV m — m m
o f 8 was formed in  b o th  p r e p a r a t io n s ,  t h i s  i s  presumed to  be an 
e q u il ib r iu m  m ix tu re , formed p o s s ib ly  by f lu o r id e  io n  induced  
is o m e r iz a tio n  o f  some o th e r  r a t i o  formed in  th e  r e a c t io n s .  F u r th e r  
ev id en ce  f o r  t h i s  b e in g  an e q u il ib r iu m  r a t i o  was th e  f a i l u r e  to  
o bserve  a change in  th e  r a t i o  when 8 was d is s o lv e d  in  n e a t  m ethano l. 
M ethanol has p re v io u s ly  been  shown to  e q u i l i b r a t e  iso m eric  
f l u o r o s i l a n e s . 3 2 *5 8 *59 T hat th e  c i s  isom er p redom inates in  an 
e q u il ib r iu m  m ix tu re  o f  8 i s  s u r p r i s in g  in  view o f f a c t  t h a t  in
r s j
e q u il ib r iu m  m ix tu res  o f  the  c h lo ro ,  bromo, and h y d rid e  d e r iv a t iv e s  
th e  t r a n s  isom er p red o m in a te s . F u r th e r ,  CNDO/2 c a lc u la t io n s  p r e d ic t  
th e  t r a n s  isom er ( 8b ) to  be therm odynam ically  more s t a b l e . 52
D e s i ly la t io n  o f  a 50:50  m ix tu re  o f  12a and ^Igb w ith  bromine 
in  CC14 a t  c a . -2 5 °  (R e ac tio n  2 -1 0 ) a f fo rd e d  in  h ig h  y ie ld  a ^ 5 :55
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m ix tu re  o f  13a and 13b r e s p e c t iv e ly ,  th e  two isom ers o f 
1 -b ro m o -l,2-d im e th y l- 1 - s i la c y c lo b u ta n e .  A s im i la r  iso m eric  r a t i o  
o f  13 was formed from an 85:15 m ix tu re  o f  12a and 12b. Even when 
th e  r e a c t io n  m ix tu re  was an a ly zed  im m edia te ly  a f t e r  r e a c t io n  a ^5 ;55 
m ix tu re  was o b se rv ed . S im ila r  r e s u l t s  have been o b ta in e d  in  reactions 
in  which th e  a n isy l group was cleaved from c h ira l silanes w ith  b rom ine . 60 
When th e  r e a c t io n  was c a r r ie d  o u t in  a d ie th y l  e th e r -h e x a n e  m ix tu re  
a t  - 98°  and a llow ed  to  warm up to  o n ly  - 78°* an 85:15  m ix tu re  o f 
I 2a and 12b gave V^a and J/Jb  in  a r a t i o  o f  ca.  20:80  r e s p e c t iv e ly .  
S im i la r ly ,  a 50:50  m ix tu re  o f  12a and 12b gave a 30:70 m ix tu re  o f 
13a and ^ 5b r e s p e c t iv e ly ,  w hich in d ic a te s  th e  r e a c t io n  was p a r t i a l l y  
s t e r e o s p e c i f i c .
In  o rd e r  to  d e te rm in e  th e  s te re o c h e m is try  o f  th e  r e a c t io n ,  
1^0b was b rom inated  u s in g  bromoform and benzoy l p e ro x id e  to  g iv e  a 
10:90 m ix tu re  o f  13a and 13b r e s p e c t iv e ly  (R e ac tio n  2 -1 1 ) .
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S im i l a r i t y » an 80:20 m ix tu re  o f  10a and 10b gave a JO‘.JO m ix tu re  o f  
13a and 1^3 r e s p e c t iv e ly .  S ince th e  r e a c t io n  o ccu rs  th rough  a 
s i l y l  r a d ic a l  13b must be th e  t r a n s  isom er and 13a th e  c i s  iso m e r,
/ w v  / M \ # v    "
in d ic a t in g  th e  p r e fe r r e d  s te re o c h e m is try  o f  th e  d e s f i l i a t i o n  o f  £2  
w ith  bromine to  be in v e r s io n  o f  c o n f ig u r a t io n .
The work p re se n te d  h e r e in  shows c o n c lu s iv e ly  t h a t  th e  
r e d u c tio n  o f 1 -c h lo ro -  and 1 - f lu o r o - 1 - s i la c y c lo b u ta n e s  w ith  LiAlHj., . 
and d isp lacem en t o f  c h lo r id e  w ith  a r y l  G rig n ard  re a g e n ts  o ccu rs  w ith  
predom inant r e t e n t io n  o f  c o n f ig u r a t io n .  In v e rs io n  i s  th e  norm al 
s te re o c h e m is try  o f  th e se  r e a c t io n s  in  n o n -s tr a in e d  sy stem s. W ith 
e x c e p t io n a l ly  good le a v in g  g ro u p s , as i s  found in  d e s i l y l a t i o n  
r e a c t io n s ,  in v e rs io n  can  o ccu r in  s t r a in e d  r in g  sy s tem s . A sim p le  
r a t i o n a l i z a t i o n  o f  th e s e  s te re o c h e m ic a l o b s e rv a tio n s  i s  p o s s ib le .  
"Normal" ( S ^ - S i )1*8 a t t a c k  on th e  b a ck s id e  o f  S i  ( r e l a t i v e  to  th e  
le a v in g  group) o ccu rs  w ith  th e  same s te re o c h e m ic a l c o n s t r a in t s  a s  Sjj2 
a t t a c k  on ca rb o n ; nam ely, th e  e n te r in g  and le a v in g  groups a r e  a p ic a l  
and th e  o th e r  s u b s t i tu e n ts  e q u a to r i a l .  A tta c k  on one o f  th e  o th e r  
th re e  fa c e s  o f  th e  approx im ate  te t r a h e d r o n  ab o u t s i l i c o n  ( f la n k  
a t t a c k )01*62 le a d s  p r e f e r e n t i a l l y  to  r e t e n t io n  o f  c o n f ig u ra t io n .
F lank  a t ta c k  can be induced  by c o o rd in a tio n  o f  th e  le a v in g  group to
some p o r t io n  o f th e  e n te r in g  group ( S u i - S i )1*9 o r ,  as in  (he angle s tra in
c a s e s , by th e  i n a b i l i t y  o f  th e  s u b s t i t u e n ts  a b o u t S i  to  occupy t h e i r  
norm al e q u a to r ia l  p o s i t io n s  in  th e  S$j2-Si t r a n s i t i o n  s t a t e  b ecause  o f  
p r o h ib i t iv e  in c re a s e  in  an g le  s t r a i n .  W ith e x c e p t io n a l ly  good le a v in g  
g ro u p s , such as i s  found in  d e s i l y l a t i o n  r e a c t io n s ,  t h i s  in c re a s e  in  
an g le  s t r a i n  i s  overcome and in v e rs io n  o f  c o n f ig u ra t io n  i s  p o s s ib le .
A re a so n a b le  a l t e r n a t i v e  to  th e  above e x p la n a t io n , and one
t h a t  more s a t i s f a c t o r i l y  e x p la in s  th e  a p p a re n t in v e r s io n  o f 
c o n f ig u ra t io n  in  th e  d e s i l y l a t i o n  r e a c t io n ,  i s  fo rm a tio n  o f  a 
p e n ta c o o rd in a te  in te rm e d ia te ,  lJ ta , (Scheme 2 -3 )  w hich can  be
SCHEME 2-3
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in te rc o n v e r te d  to  o th e r  p e n ta c o o rd in a te  in te rm e d ia te s  by t u r n s t i l e  
r o t a t i o n  (TR) o r B erry  p se u d o ro ta tio n *63”63 A s in g le  t u r n s t i l e  
r o t a t i o n  (P a th  l )  fo llo w ed  by lo s s  o f  th e  le a v in g  group would le ad  
to  r e t e n t io n  o f  c o n f ig u ra t io n  w hereas a double  t u r n s t i l e  r o t a t i o n  
(P a th  2) would r e s u l t  in  in v e r s io n  o f  c o n f ig u r a t io n .  The same 
mechanism was p o s tu la te d  f o r  th e  r e c e n t ly  observed  r e t e n t io n  
r e a c t io n  o f a cy c lo b u tan e  and h as  been  a p p lie d  numerous tim es 
in  phosphorus c h e m is try . 6 4 *66
Why in  some c a se s  a (TR)1 p ro cess  i s  p r e f e r r e d  and in  
o th e rs  a (TR)2 rem ains unknown. The answer may l i e  in  re a so n in g  
s im i la r  to  t h a t  a p p lie d  to  e x p la in  th e  n u c le o p h i l ic  s u b s t i t u t i o n  
a t  phosphorus in  a four-m em bered r in g  in  w hich in v e rs io n  o f 
c o n f ig u ra t io n  was o b se rv e d . 67 I f  R i s  more a p ic o p h i l ic  th a n  X 
14-d would be formed f a s t e r  th a n  lU-b o r  14c. The s h o r t e s t  ro u te  to
zvrs/v
p ro d u c t th en  i s  a (TR)1 to  g iv e  14c fo llo w ed  by lo s s  o f X w hich 
would r e s u l t  in  in v e r s io n  o f  c o n f ig u ra t io n .
D isc u ss io n  o f  Hass S p e c tra .
The mass spectrum  o f  10 showed in te n s e  peaks a t  P -28 and 
P-36  co rre sp o n d in g  to  lo s s  o f  C^ fl.4. and C$ l 6 (Scheme 2 - 4 ) ,  th e
*B erry  p s e u d o ro ta t io n  o f  a t r ig o n a l  b ipyram id  i s  th e  in c re a s e  o f  
th e  an g le  betw een two e q u i t o r i a l  s u b s t i tu e n ts  from 120°  to  l 80°  w ith  
th e  s im u ltan eo u s  d e c re a se  o f  th e  an g le  betw een th e  a x ia l  s u b s t i tu e n ts  
from  180° to  120°. The r e s u l t s  o f  a s in g le  t u r n s t i l e  r o t a t i o n  i s  th e  
exchange o f  one a x ia l  s u b s t i t u e n t  and one e q u i t o r i a l  s u b s t i t u e n t  w ith  
s im u ltan eo u s r o t a t i o n  o f  th e  o th e r  th r e e  s u b s t i t u e n ts  by 120° .
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form er b e in g  th e  base  p eak . A m e ta s ta b le  peak a t  5li3 was observed th a t  
co rresponded  to  lo s s  o f  C^ 4 from  th e  m o lecu lar io n . Loss o f  C^ 4 
from s i la c y c lo b u ta n e s  h as  p re v io u s ly  been o b se rv ed . 6 8 *69 A ll  
o th e r  s i la c y c lo b u ta n e  d e r iv a t iv e s  f o r  w hich th e  mass s p e c tr a  w ere 
reco rd ed  showed lo s s  o f  and C^I6 from  the  m o lecu lar io n  a l s o .
EXPERIMENTAL
G eneral fo r  A ll  C h ap ters
U nless o th e rw ise  s t a t e d ,  a l l  r e a c t io n s  w ere ru n  in  th re e -n e c k  
round bo ttom  f la s k s  equ ipped  w ith  a m agnetic  s t i r r e r ,  r e f lu x  
c o n d en se r, a d d i t io n  fu n n e l ,  and therm om eter. A ll  g la ssw are  was 
flam e d r ie d  and f lu sh e d  w ith  n i t r o g e n  p r io r  to  co n d u c tin g  th e  
experim en t under an a tm osphere  o f  n i t r o g e n .  A ll d i s t i l l a t i o n s  w ere 
th rough  a 7 cm V igreux column u n le s s  s ta t e d  o th e rw is e . Commercial 
anhydrous e th e r  was used  as s u p p l ie d .  P e n ta n e , q u in o l in e ,  h ex an e , 
dim ethylform am ide (DMF), and h ex am ethy lphosphoric  tr ia m id e  (HMPT) 
w ere d i s t i l l e d  from  ca lc iu m  h y d r id e .  M ethanol was d r ie d  over 3 ^  
m o lecu la r s ie v e s ;  ca rb o n  t e t r a c h l o r id e  ov er U X m o lecu la r s ie v e s .  
Where mixed s o lv e n ts  w ere u s e d , th e  p e rc e n t co m position  quoted  i s  
volume p e rc e n t .  N uclear m agnetic  reso n an ce  (NMR) s p e c tra  were 
o b ta in e d  r o u t in e ly  on a V arian  A60A, equipped w ith  a V - k j k j  V a ria b le  
Tem perature C o n tro l le r ,  o r  on a V arian  HA 100. The so lven t aid  s ta n d a rd , 
w hether i n te r n a l  o r  e x t e r n a l ,  a re  r e p o r te d .  Chem ical s h i f t s  o f 
s ta n d a rd s  w ere: b en zen e , 6 7*24; d ich lo ro m e th an e , 6 5*28. In f r a r e d
(IR ) s p e c tr a  w ere re c o rd ed  u s in g  a P e rk in  Elmer 137- A P e rk in  Elmer 
Model 900 equipped w ith  a flam e io n iz a t io n  d e te c to r  was used f o r  
ro u t in e  g a s - l iq u id  p a r t i t i o n  chrom atograph ( g lp c ) .  P re p a ra t iv e  
g lpc  was c a r r ie d  o u t using a P e rk in  Elmer Model F -2 1 . Glpc-m ass 
s p e c tra  w ere o b ta in e d  on a P e rk in  Elm er 990 g lpc  in te r f a c e d  th rough  
a Biemann-Watson s e p a r a to r  to  a H ita c h i-P e rk in  Elmer RMS-*4- Mass
27
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S p e c tro m e te r. Mass s p e c tr a  w ere ta k en  a t  70 eV and a re  re p o r te d  
as m/e ( r e l a t i v e  abundance).
CHAPTER I I  
EXPERIMENTAL 
( 3" C h lo ro b u ty l)d ic h lo ro ra e th y ls i la n e .
In  a 250 ml 3-n eck  f l a s k  equ ipped  as u su a l w ere p laced  77*0 g 
(O .85O m ole) o f  3-c h lo r o - l - b u te n e  and 0 .1 0  ml o f  0 .2 0  M c h lo r o p la t in ic  
a c id  h ex ah y d ra te  in  iso p ro p y l a lc o h o l .  The m ix tu re  was b ro u g h t to  
r e f lu x  and 8 8 .3  ml (9 7 .7  g , O .85O m ole) o f  d ic h lo ro m e th y ls i la n e  was 
added dropw ise over a 2 hour p e r io d . A f te r  c a . 25 ml o f  th e  s i l a n e  
had been added th e  tem p e ra tu re  ro s e  to  65“70°  and rem ained  th e re  
d u rin g  th e  rem ainder o f  th e  a d d i t io n .  A f te r  a d d i t io n  was com plete 
th e  r e a c t io n  m ix tu re  was h e ld  a t  80- 95°  fo r  1 hour and th e n  70°  
o v e rn ig h t.
D i s t i l l a t i o n  gave a f r a c t i o n ,  bp 93"9°/32~ 3  mm., w hich was 
r e d i s t i l l e d  to  g iv e  120.5  g (69$ y i e ld )  o f  th e  d e s ir e d  p ro d u c t, 
bp 9 0 -7 ° /2 9 -3 0  mm ( L i t . 70  bp 1 8 2 -3 ° ) . NMR71 (CC14 , i n t e r n a l  TMS),
6 0 .7 9  ( s ,  3H), 6 1 .0 8  to  6 2 .1 2  (m, 1|H), 6 1 .53  (<*, 3 -0 ,  and 6 3-92 
(m, 1H).
1 - C h lo r o - l ,2 - d im e th y l- l - s i la c y c lo b u ta n e ,^ .
In  a 1 - i  3" neck f l a s k  equipped as u s u a l was p la c e d  21 .9  g 
(0 .900  g-atom ) o f  kO mesh magnesium powder and 600 ml o f e th e r .
Three ml o f  1 , 2-d ib rom oethane  was added and th e  m ix tu re  r e f lu x e d  fo r  
15 min. To t h i s  a c t iv a te d  magnesium was added dropw ise 6 1 .7  g 
(0 .3 0 0  m ole) o f  ( 3-c h lo ro b u ty l )d ic h lo ro m e th y ls i la n e  in  hO ml o f 
e th e r  over an e ig h t  hour p e r io d  w ith  r e f lu x in g .  R e flu x in g  was
29
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c o n tin u e d  fo r  th re e  days and s t i r r i n g  a t  room tem p era tu re  f o r  f iv e  
d a y s .
The r e a c t io n  m ix tu re  was f i l t e r e d  under n i t r o g e n  and th e  
r e s id u e  washed tw ice  w ith  e th e r .  The s o lv e n t  was removed by r a p id  
d i s t i l l a t i o n  and the  rem ain in g  l iq u id  d i s t i l l e d  to  g iv e  25-5  8 (65$ 
y ie ld )  o f % bp 6 l~ 5 ° /9 2 -3  mm, ( L i t . 24 bp 6 2 -4 °/1 1 0  mm). NMR (100 MHz) 
(CDCI3 , i n t e r n a l  CHC13 ) , 6 O.59  ( s )  and fi O .65  ( s )  ( t o t a l ,  3*0,
6 1 .1 2  (d ) and 6 1 .15 (d ) ( t o t a l ,  3*0, 8 1 .0  to  6 2 .0  (m, 4H ), and 
6 2 .45  (m, 1H). R e la t iv e  i n t e n s i t i e s  o f  85:15 w ere observed  f o r  the  
s i n g l e t s  a t  6 O.59  and 6 O.65  r e s p e c t iv e ly .  MS: 13l*-( 13 ) ,  119(6 ) ,
108( 35 ) ,  106( 100 ) ,  9 2 ( 8 6 ) ,  78 (6 3 ) ,  6 3 (4 7 ) and m e ta s ta b le s  a t  6 6 . 3 , 
6 4 .7  and 5 7 . 3 .
I f  th e  s o lv e n t  was removed by slow  d i s t i l l a t i o n  and th e  
p ro d u c t d i s t i l l e d  a t  760 mm (bp 121- 3° )  a 75$ y ie ld  was o b ta in e d  o f 
a 6 0 :4 0  m ix tu re  o f  7a and 7b r e s p e c t iv e ly .
K eeping th e  r e a c t io n  v e s s e l  in  a c o ld  b a th  a t  4 -6 °  d u rin g  
a d d i t io n  o f th e  s i la n e  and fo r  fo u r  d a y s , p lu s  seven  days a t  8 - 10°  
f a i l e d  to  in c re a s e  th e  iso m eric  r a t i o  above 8 5 : 15>
A ttem pted  sp in n in g  band d i s t i l l a t i o n  o f 7 a t  J60 mm r e s u l te d  
in  is o m e r iz a t io n  to  a *4-7:53 m ix tu re  o f  th e  two iso m ers . S p inn ing  
band d i s t i l l a t i o n  a t  I 50 mm (bp 81- 2° )  f a i l e d  to  s e p a ra te  th e  
iso m e rs .
1 ,2 -D im e th y l- l- s i la c y c lo b u ta n e , 10
In  a 250 ml J-nack  f l a s k  equipped as u s u a l was p laced  125 ml 
o f  e th e r  and 2 . 3O g (0 .2 4 2  g-atom  o f  H) o f  c ru sh ed  l i th iu m  aluminum
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h y d r id e . To t h i s  s t i r r e d  m ix tu re  was added 2 5 .1  g (0 .1J2  m ole) o f  
a 60 :40  m ix tu re  o f  Ja and Jb r e s p e c t iv e ly  in  30 ml o f  e th e r  a t  a r a t e  
s u f f i c i e n t  to  m a in ta in  r e f lu x in g .  R eflu x in g  was c o n tin u e d  1/2 -h o u r  
a f t e r  a d d i t io n  was co m p le te .
A f te r  f i l t e r i n g ,  th e  r e a c t io n  m ix tu re  was added to  I 50 ml of 
ic e  w a te r  c o n ta in in g  g o f  ammonium c h lo r id e .  The e th e r  la y e r  was 
washed once w ith  1 M aqueous ammonium c h lo r id e ,  tw ice  w ith  w a te r ,  
and d r ie d  over magnesium s u l f a t e .  D i s t i l l a t i o n  gave 10 .1  g (59$ 
y ie ld )  o f  10 , bp 8!+-7° ( L i t . 25 bp 85“ 7 ° /7 ^ 8  mm).
A n a ly s is  by g lp c  u s in g  a 16 f t .  x 1 /8  in .  column o f  15$ 
A piezon L on 60-80 mesh Chromosorb W a t  850 showed an im p u r ity , 10$, 
r e t e n t io n  tim e o f 4 .2  m in, and th e  two iso m e rs , ,10b and lO g, 
r e t e n t io n  tim es o f  i t . 7 and 5«5 m in, 57$ and 55$ r e s p e c t iv e ly  ( 10a : 10b 
r a t i o  o f  5 9 :4 1 ) . S im i l a r i l y ,  r e d u c tio n  o f a 78 :22  m ix tu re  o f  Ja and 
gave an 80:20  m ix tu re  o f  10a and 10b as de term in ed  by g lp c  
a n a ly s is  o f  th e  r e a c t io n  m ix tu re .
The isom ers w ere s e p a ra te d  by p re p a ra t iv e  g lpc  on a 5 '^ "  x 
5 /it"  column o f 10$ A piezon L on 60-80 mesh Chromosorb W o p e ra tin g  a t  
a te m p e ra tu re  o f  850 w ith  a n i t ro g e n  flow  r a t e  o f 270 m l/m in. The 
t r a n s - and c i s -iso m ers  had r e t e n t io n  tim es o f 6 . it and J .2  m inutes 
r e s p e c t iv e ly .  A ttem pted  sp in n in g  band d i s t i l l a t i o n  o f 10 r e s u l te d  in  
p o ly m e riz a tio n . NMR (100 MHz) (CDCI3 , i n t e r n a l  TMS) 10a: 0 .2 8  (d ,<N/S/V
J  =4Hz, 5H ), 6 1 .05 (d ,  5H ), 6 O.76  to  6 1 .95 (m, itH), 6 2.i+5 (m,
1H), and 6 i t .75 (m, 1H); lOb: O .52  ( d ,  J  = itHz, 5*0 , 6 1 .11 (d , 5H ),
6 O.58  to  6 1 .87  (m, itH ), 6 2 .4 0  (m, 1H), and 6 It.it2  (m, 1H): IR
( f i lm ) :  2900 s ,  2100 s ,  lit50 m, litOO w, 1250 s ,  1180 w, 1150 m,
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1060 m, 970 m, 920 s ,  890 s ,  855 s * and 730 8 5 mass spec trum :
100(10) ,  8 5 (1 4 ) , 72 ( 100) ,  5 8 (4 5 ) , 45 (4 5 ) and a m e ta s ta b le  a t  5 l» 8 .
S te r e o s p e c if ic  P r e p a ra t io n  o f 1 - C h lo ro - l ,2 -d im e th y l- l - s i la c y c lo b u ta n e  
from  1 ,2 -D im e th y l- l - s i la c y c lo b u ta n e .
In  a 25 ml one-neck  f l a s k  equ ipped  w ith  a co n denser was 
p laced  2 .1 6  g (2 1 .6  mmole) o f  95$ is o ra e r ic a l ly  pure  JjOa, 17 ml 
(175 mmole) o f d ry  carbon  t e t r a c h l o r id e  and 0 .0 5  g o f  benzoyl 
p e ro x id e . The m ix tu re  was h e ld  a t  80° f o r  1 h o u r ,  an a d d i t io n a l  
0 .0 5  g o f benzoyl p e ro x id e  added and th e  m ix tu re  h e a te d  a t  80°  1 
h our lo n g e r . A n a ly s is  o f th e  r e a c t io n  m ix tu re  by NMR showed a 9 4 :6  
r a t i o  o f 7a and 7b .
D i s t i l l a t i o n  gave I .63  8 (56$ y ie ld )  o f  94$ is o m e r ic a l ly  
pure  7a ,  bp 59- 6 l ° / 89-90  mm.<W
S im i la r ly ,  r e a c t io n  o f O .78  g o f  98$ ,10b* 1 .0  ml o f  carbon  
t e t r a c h l o r i d e ,  and 0 .0 2  g o f  benzoy l p e ro x id e  in  an NMR tube  a t  80° 
fo r  1 hour gave >95$ pure ,Jb , as de term in ed  by NMR a n a ly s is  o f th e  
r e a c t io n  m ix tu re .
1 ,2 -D im e th y l- l-m e th o x y -l-s ila c y c lo b u ta n e , £ .
To 3*34 ml (8 2 .8  mmole) o f  m ethanol and 10.1 ml (8 2 .8  mmole) 
o f  q u in o lin e  in  60 ml o f  e th e r  was added dropw ise 11 .12  g ( 8 2 .8  
mmole) o f a 70 :30  m ix tu re  o f  £a  and in  10 ml o f  e th e r .  A f te r  
s t i r r i n g  4 h ou rs th e  m ix tu re  was f i l t e r e d  and d i s t i l l e d  to  g ive  
4 .15  g (38$  y ie ld )  o f  9 ,  bp I I 5- 9 0 ( L i t . 24 bp 7 5 "7 ° / 135 mm). NMR24 
(CC14 , i n t e r n a l  b en zen e ): 5 0 .1 0  ( s )  and 6 0 .1 5  ( s )  ( t o t a l  3H)»
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6 0 .8 0  to  6 2 .30 (m, 8H ), 6 3-k0  ( s ) ,  and 6 3 .k8  ( s )  ( t o t a l  3H). 
R e la t iv e  i n t e n s i t i e s  o f  70:30 were observed  fo r  s in g l e t s  a t  8 0 .1 0  
and 6 0 .1 5  r e s p e c t iv e ly ,  and 70:30 fo r  s in g le t s  a t  6 3*^0 and 3 .k8  
r e s p e c t iv e ly .  IR ( f i lm )  2900 s ,  11+60 m, lij-20 w, 1250 s ,  1190 m,
1130 m, 1100 s ,  970 m, 920 m, 880 m, 85O m, 83O s ,  800 s ,  and 
755 s .
R eduction  o f  1 ,2 -D im e th y l- l-m e th o x y - l-s i la c y c lo b u ta n e .
In  an 8 ml v i a l  w ere p laced  6 .5  mg (0 .7 3  mg-atoms o f  H) o f 
LiAlH4 and 2 .0  ml o f  e th e r .  Through a septum  5 2 . mg (0.U 0 mmole) 
o f  a 70:30  m ix tu re  o f  ^ a  and ^ b  was added v ia  sy rin g e  and th e  m ix tu re  
s t i r r e d  1 /2  h o u r. G lpc-m ass sp ec tro m e try  a n a ly s is  showed 10a and 
10b w ere formed in  a 75:25  r a t i o .
1 ,2 - D im e th y l- l - f lu o r o - l- s i la c y c lo b u ta n e ,  8 .
In  a 50 ml 1 -neck  f l a s k  w ere p laced  15*33 g ( l l ^  mmole) o f 
a 70:30  m ix tu re  o f  and J b  r e s p e c t iv e ly  and 9*0 g (87  mmole) o f 
anhydrous z in c  f l u o r id e .  The f la s k  was equipped w ith  a m agnetic  
s t i r r e r  and s e t  fo r  d i s t i l l a t i o n .  D i s t i l l a t i o n  gave a f r a c t i o n ,  
bp 85- H 20 , which was combined w ith  9*0 g ( 8j  mmole) o f  f r e s h  z in c  
f lu o r id e  and r e d i s t i l l e d ,  th e  f r a c t io n  bp 8O-850 b e in g  c o l l e c te d .  
R e d i s t i l l a t i o n  o f  t h i s  f r a c t io n  from 1 .0  g o f f r e s h  z in c  f lu o r id e  
gave 9 .2 1  g (68$. y ie ld )  of 8 , bp 8 3 "^ ° . NMR (CC14 , i n t e r n a l  b e n ze n e ); 
6 0 .2 5  (d , J  = 8 Hz) and 6 0 .3 2  (d ,  J  = 8 Hz) ( t o t a l  o f  3H ), 6 1*05 
(m, 3H ), and 6 O.83  to  2 .25  (m, 5H); e s tim a te d  r e l a t i v e  i n t e n s i t i e s  
w ere 70:30 f o r  d o u b le ts  a t  6 0 .25  6 0 .3 2  r e s p e c t iv e ly .  19F NMR
3^
(CFC13 , s o lv e n t  as  r e f e r e n c e )  6 157*6 (m) and 0 15^*7 (m) ( r e l a t i v e  
i n t e n s i t i e s  o f  7 5 ;25 r e s p e c t iv e ly ) ;  MS: 118(7)» 1 0 3 (6 ) , 9 ^ (9 4 ) ,
77(77)> 76 ( 100 ) ,  63 ( 5 0 ) ,  6 2 (9 2 ) ,  4 7 (8 3 ) , and m e ta s ta b le s  a t  4 2 .8  
and 5 0 .2 ; A n a l, c a l c 'd  f o r  C sH n F S i: C, 5 0 .7 9 ; H, 9 . 3 8 ; S i ,  2 3 . 7 8 .
Found: C, 5 0 . 5 9 ; H, 9 .4 0 ;  S i ,  23 .6 0 .
A s im i la r  p r e p a ra t io n  u s in g  a 50:50 m ix tu re  o f  Ja  and Jb  
gave a 70 :30  m ix tu re  o f  8 a and 8b as d e term ined  by NMR.rw  /w
R ed uction  o f  1 ,2 -D im e t h y l - l - f lu o r o - l - s i la c y c lo b u t a n e .
In  an 8 ml v i a l  equ ipped  w ith  a m agnetic  s t i r r e r  were 
p laced  4 5 .6  mg (4 .9 4  mg-atoms o f  H) o f  LiAlH4 and 5* ml o f  e t h e r .  
A f te r  eq u ip p in g  w ith  a septum  O .5O g (4 .2  mmole) o f  a 70:30  m ix tu re  
o f  8a and 8b was added v ia  sy rin g e  and th e  m ix tu re  s t i r r e d  15 m in. 
G lpc-m ass sp e c tro m e try  a n a ly s is  showed 10a and JjQfe w ere formed in  
a 68:32  r a t i o .
1 ,2-Dime thy l - l - ( j > - t o  l y l ) - l - s i l a c y c lo b u t a n e ,  ^11.
To 3 0 .0  g (0 .2 2 3  m ole) o f  a 50:50 m ix tu re  o f  Ja and Jb in  
100 ml o f  e th e r  was added dropw ise a s o lu t io n  o f £ - to ly lm agnesium  
brom ide p rep a red  from  4 2 .0  g (0 .245  m ole) o f  4 - brom otoluene and
8 .0  g (0 .3 3  m ole) o f  magnesium tu rn in g s  in  400 ml o f  e th e r .  A f te r  
s t i r r i n g  under r e f lu x  fo r  1 h o u r th e  m ix tu re  was h y d ro ly zed  by 
a d d i t io n  to  35 g o f  ammonium c h lo r id e  in  500 ml o f  ic e  w a te r .  The 
e th e r  la y e r  was washed once w ith  w a te r  and d r ie d  o v e r magnesium 
s u l f a t e .  A f te r  rem oving th e  s o lv e n t ,  th e  rem ain ing  l iq u id  was 
d i s t i l l e d  to  y ie ld  29*0 g (68$  y ie ld )  o f  a 50:50 m ix tu re  o f  11a and
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JLlb, bp T 3 "5 °/l* 0  nun. NMR (CH^J12 , s o lv e n t  as r e fe re n c e )  6 O .5O (s )  
and 6 0 .5 2  ( s )  ( t o t a l ,  3H) (ca. 50 = 5 0 ) , 8 O.98  (d ,  J  ■= 7  Hz) and 
8 l .l i+  (d , J  = 7 Hz) ( t o t a l ,  3*0, 6 O.95  to  8 1 .95  (m, kVL), 8 2 .3 7  
(b road  s ,  3*0 , 6 2 .31  to  6 2 .6 1  (m, 1H) g 7«2*t- (m, 2H) and 7*56 
(m, 2H ); IR ( f i lm ) :  2900 s ,  1600 m, U+50 m, lkOO w , I 25O s ,  1180 w,
1130 m, 1110 s ,  97O m, 920 w, 87O m, 85O s ,  and 780 s ;  Mass spec trum : 
190( 16 ) ,  1 7 5 (1 ) , 162(^ 5 ) ,  1^8 ( 100 ) ,  1 3 5 (6 7 ), 1 5 ^ 5 ) ,  1 5 5 (7 5 ),
131(22 ) ,  119( 5 9 ) ,  105( 20 ) ,  9 5 ( 20) ,  and m e ta s ta b le s  a t  I 3 8 . I  and 
1 1 0 .8 . A nal, c a l c 'd :  C, 75 .7 1 ;  H, 9 . 5 3 ; S i ,  I k .J 6 . Found: C,
7 5 .5 2 ; H, 9 -^ 5 ;  S i ,  1 5 .0 0 .
R e a c tio n  o f  11 w ith  HF./N<PV
In  a d ry  p o ly e th y le n e  t e s t  tu b e  equipped w ith  a p o ly e th y le n e  
s to p p e r  was p la ce d  v ia  sy r in g e  1 .7  g o f  H .. Anhydrous HF was bubbled 
th ro u g h  11 f o r  3 h o u rs  by u se  o f  a s t a i n l e s s  s t e e l  n e e d le .  A f te r  
s ta n d in g  o v e rn ig h t n i t r o g e n  was bubbled  th rough  th e  s o lu t io n  f o r  1 
h o u r . The r e a c t io n  m ix tu re  was an a ly zed  d i r e c t l y .  NMR (CCI4 , 
e x te r n a l  TMS), 5 0 .2 8  ( t ) ,  5 0 .6 0  to  1 .80  (m ), 5 2 .31  ( s ) ,  and 
g 7 .1 0  ( s ) ,  th e  l a t t e r  two chem ica l s h i f t s  c h a r a c t e r i s t i c  o f  to lu e n e ;  
MS: p a re n t mass 138 . The p ro d u c t p ro b ab ly  was s e c -b u ty l-  an d /o r
n - b u ty ld i f lu o r o m e th y ls i la n e .
A s im ila r  r e a c t io n  was stopped  b e fo re  a l l  s t a r t in g  m a te r ia l  
was consumed. NMR a n a ly s is  showed no 8  was p r e s e n t .
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R eac tio n  o f  11 w ith  Brom ine./%iv
To It-.h-0 g (23*2 mmole) o f  11 in  10 ml o f  CC14 h e ld  in  an 
ic e  b a th  was added 3*7 g (23*2 mmole) o f  brom ine in  10 ml o f  CCI4 . 
A f te r  a d d i t io n  was com pleted  th e  s o lv e n t  was removed by d i s t i l l a t i o n  
under reduced  p re s s u re  and th e  p ro d u c t d i s t i l l e d  to  g iv e  h.5  g ( 55$ 
y ie ld )  o f  a c le a r  l iq u id  t e n a t iv e ly  i d e n t i f i e d  as a 2:1  m ix tu re  o f  
bromo ( 3-brom obuty1 )m ethyl (jj- t o l y l  )s  i l a n e  and bromo (3 -b ro m o -l- 
m e th y lp ro p y l)m e th y l(£ .- to ly l ) s i la n e , bp 105-135 ° /0 .9  mm. NMR (CCI4 , 
i n t e r n a l  TMS) 6 O.76  ( s ) ,  6 O.8 7  to  6 2 .1 0  (m ), 6 1 .66  ( d ) , 6 2 .33  
( s ) ,  6 3 .3 8  (m ), 6 1k 20 (m ), 6 7*12 ( d ) ,  and 6 ( d ) .
1 ,2-Dime t h y l - l - ( l 4--m e th o x y p h e n y l)- l-s ila c y c lo b u ta n e , 12.
To a s o lu t io n  o f  26 .9  g (0 .2 0 0  m ole) o f  a 50:50  m ix tu re  o f  
Ja and ^ b  in  100 ml o f e th e r  was added w ith  s t i r r i n g  th e  top  la y e r  
o f  a s o lu t io n  o f  ^--methoxyphenylmagnesium brom ide o b ta in e d  from
3 9 .0  g (0 .2 0 8  m ole) o f  jj-b ro m o an iso le  and 7*0 8 (0 .2 8 7  m ole) o f  
magnesium tu rn in g s  in  350 ml o f  e th e r .  The low er la y e r  was th en  
added dropw ise and th e  m ix tu re  s t i r r e d  2 h o u rs  under r e f lu x .
The r e a c t io n  m ix tu re  was h y d ro ly z e d  in  300 ml o f ic e  w a te r  
c o n ta in in g  20 g o f  ammonium c h lo r id e .  The e th e r  la y e r  was washed 
once w ith  w a te r  and d r ie d  o v e r magnesium s u l f a t e . A f te r  rem oving 
the  s o lv e n t ,  th e  rem ain ing  l iq u id  was d i s t i l l e d ,  th e  f r a c t i o n  bp 
80- 6 ° / 0 .5  mm was c o l le c te d  and r e d i s t i l l e d  to  g iv e  2 6 .7  g (65$ y i e ld )  
o f  a 50 :50  m ix tu re  o f  12a and 12b, bp 7 2 ~ 6 ° /0 .3  mm. NMR (CH^Cla, 
so lv e n t  as r e f e r e n c e ) (100 MHz) 8 0 .5 5  ( s ) and 8 0 .5 7  ( s )  ( t o t a l  3*0 
(c a . 5 0 :5 0 ) ,  8 1 .03  (d ,  J  = 7 Hz) and 6 1 .1 8  (d ,  J  = 7 Hz) ( t o t a l  3H ),
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8 0.9*1- to  8 2 .00  (in, t o ) ,  8 2 .55  (m, 1H), 8 3-82  ( s ) ,  and 8 3 -85 ( s ) ,  
( t o t a l  5H ), 8 6 .99  (m, 2H ), and 8 7*59 (m, 2H ); IR ( f i lm ) :  2900 s ,  
1600 s ,  1*1-80 s ,  1270 s ,  12*1-0 s ,  1180 m, I I 30 w, 1110 s ,  1140 m,
965 W, 9**5 w, 87O w, 85O m, and j 8 0  mj mass sp ec tru m : 2 0 6 (1 4 ) ,
191( 2 ) ,  1 7 8 (5 2 ), 1 64 (100), 151(6 1 ) ,  1 3 5 (3 7 ), 1 3 4 (3 8 ), 121 (2 2 ) ,
1 1 9 (1 9 ), and m e ta s ta b le  a t  109*5J A n a l, c a l c 'd  f o r  C igH iaO Si: C,
6 9 .8 4 ; H , 8 .7 9 ;  S i ,  I 3 . 6 I .  Found: C, 6 9 -9 1 ; H, 8 .9O; S i ,  1 3 .7 4 .
S im i la r ly ,  r e a c t io n  o f  4 - methoxyphenylmagnesium brom ide w ith  
an 85:15  m ix tu re  o f  Ja and Jb r e s p e c t iv e ly  gave an 75$ y ie ld  an 
85:15  m ix tu re  o f  12a and 12b r e s p e c t iv e ly ./\Ts/V
R e a c tio n  o f  12 w ith  HF./W
In  a d ry  p o ly e th y le n e  t e s t  tu b e  equ ipped  w ith  a p o ly e th y le n e  
s to p p e r  was p la ce d  5 -8  g o f  a 50 :50  m ix tu re  o f  12a and 12b. Anhydrous 
HF was bubbled  th rough  th e  n e a t  compound f o r  2 h o u rs  fo llo w ed  by 
n i t r o g e n  fo r  1 h o u r . D i s t i l l a t i o n  gave a f r a c t i o n  0 .9 1  g , bp 78- 83° ,  
th e  NMR spectrum  o f  w hich showed chem ical s h i f t s  c h a r a c t e r i s t i c  o f  
8a and 8b ( c a . 70:30  r e s p e c t iv e ly )  and a p p ro x im a te ly  an e q u a l amount 
o f th e  p ro d u c t o b ta in e d  from  r e a c t io n  o f  11 w ith  HF.
1-Brom o-1 ,2 - dim ethy1 - 1 - s i l a c y c 1obutane, .
In  a one-neck  100 ml f l a s k  equ ipped  w ith  a m agnetic  s t i r r e r  
and a d d i t io n  fu n n e l was p laced  10 .4  g ( 5O.5  mmole) o f  a 50:50  m ix tu re  
o f  12a and 12Jo and 20 ml o f  carb o n  t e t r a c h l o r i d e .  Bromine (8„10 g , 
5O.5  mmole) in  15 ml o f  carbon  t e t r a c h l o r id e  was added dropw ise w ith  
s t i r r i n g  w h ile  k eep ing  th e  f l a s k  in  a d ry  ic e -a c e to n e  b a th  a t  -50  to
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“ 5 5 ° . D i s t i l l a t i o n  gave 7*50 8 (83$ y ie ld )  o f  a  50*50 m ix tu re  o f  l^ a  
and 13b , bp T 0 - l° /6 8  mm. NMR (CC14 , in t e r n a l  b e n ze n e ); 6 O.6 7  ( s )  
and 6 O.73  ( s )  ( t o t a l  3H) (5 0 :5 0 ) , 6 1 .06  (d ,  3H ), and S O.9 7  to  
6 2 .7 8  (m, 5H ); mass spec trum : 180( 15 ) ,  178( 16 ) ,  165(6 ) ,  1 6 3 (6 ) ,
152( 100) ,  150( 100) ,  138( 89 ) ,  136(8 9 ) ,  12M 6 6 ) ,  122(6 6 ) ,  109(5 6 ) ,
107 (5 5 ) ,  9 9 ( 8 ) ,  9 0 (6 8 ) ,  7 6 (6 6 ) ,  and 6 2 (5 7 ) . A n a l, c a l c 'd  f o r  
C5H n B rS i:  C, 3 3 . 5 2 ; H, 6 .1 9 ;  S i ,  1 5 .6 9 . Found: C , 3 3 . 6^ ;  H, 6 .2 5 ; 
S i ,  15 . 5 5 . S im i la r ly ,  an 85:15 m ix tu re  o f  12a and 12b le d  to  a 6k<f, 
y ie ld  o f  a ^5 *55 m ix tu re  o f  V^ ia and V$b r e s p e c t iv e ly .
R e a c tio n  o f  12 w ith  Bromine a t  - 98° .
In  a 100 ml th re e -n e c k  f l a s k  equipped w ith  a m echan ical 
s t i r r e r ,  a d d i t io n  fu n n e l and therm om eter w ere p la c e d  5*^8 g ( 2 6 .6  
mmole) o f an 85:15 m ix tu re  o f  12a and 12b and 50 ml o f e t h e r .  The 
f l a s k  was p la ce d  in  a m e th a n o l- l iq u id  n i t ro g e n  s lu r r y  ( - 98 ° )  and 
^ .25  g (2 6 .6  mmole) o f  brom ine in  10 ml o f d ry  hexane was added 
dropw ise o v e r a 1 hour p e r io d . The m ix tu re  was s t i r r e d  2 h o u rs  as 
i t  warmed s lo w ly  to  - j 8 ° .  A n a ly s is  by NMR showed on ly  a t r a c e  o f 
s t a r t i n g  m a te r ia l  p re s e n t  and th a t  l£a  and l^ b  w ere formed in  c a . a 
20 :80  r a t i o .  S im i la r ly ,  a  50*50 m ix tu re  o f  12a and 12b gave a 
30:70  r a t i o  o f  l^a  and l^ b .
S te r e o s p e c i f ic  P r e p a ra t io n  o f  13 from  10.
R ea c tio n  o f  78 mg o f 98°jo pu re  10b w ith  1 .0  ml o f  CHBr  3 
and 20 mg o f b enzoy l p e ro x id e  a t  80°  fo r  15 m ln. gave a 10:90
m ix tu re  o f  and l^ b  as d e te rm in ed  by NMR. S im i la r i ly  an 
80:20  m ix tu re  o f  10a and 10b gave a 70:30  m ix tu re  o f  13a and 13b.
CHAPTER XII 
SOLVOLYSIS OF 1 ,2 - DIMETHYL-1 -SILACYCLOBUTANE 
One r e a c t io n  in  w hich th e  p re sen ce  o f an e x tra c o o rd in a te  
in te rm e d ia te  h a s  been  p roposed  i s  b a se -c a ta ly z e d  h y d ro ly s is  o f  
t r i o r g a n o s i l i c o n  h y d r id e s . 6 1 ’72  The norm al p ro d u c ts  o f  th e  r e a c t io n  
in  aqueous a lc o h o l a re  th e  s H a n o i ,  £ 4 ,  th e  a lk o x id e , and 
hydrogen  (R e ac tio n  3 - 1 ) .  The s i l a n o l  no rm ally  lo s e s  w a te r  to  form
REACTION 3-1
0H“ R'0H,H20 ^
R3SiH ------?------- — ■> R3SiOH +  R3S iOR + H2
1^ 15
th e  d i s i lo x a n e ,  16 (R e ac tio n  3“2 ) .  The r a t e  o f  th e  r e a c t io n  i s
REACTION 3-2
2R3SiOH —— (R3S i)^ 0
16
f i r s t - o r d e r  in  b o th  s i l a n e  and b a s e . 74 T hat th e  Si-H  bond i s  
b roken  in  th e  r a te -d e te r m in in g  s te p  h as  been shown by th e  o b s e rv a tio n  
o f  is o to p e  e f f e c t s .  For i s o to p ic  s u b s t i t u t i o n  in  th e  s i l i c o n  
h y d rid e  sm all k in e t i c  is o to p e  e f f e c t s ,  k^/kD < 1 . 5 » w ere o b se rv ed .75”79 
A k in e t i c  is o to p e  e f f e c t  o f  1 .9 7  has been observed  u s in g  so lv e n t 
s u b s t i t u te d  w ith  d e u te r iu m , 78 and s o lv e n t  p ro d u c t is o to p e  e f f e c t s
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have been shown to  v a ry  from  2 to  6 .721173 H ie is o to p e  e f f e c t s  have 
been in te r p r e te d  in  term s o f a n o n - l in e a r  t r a n s i t i o n  s t a t e  which 
caused  th e  observed  v a lu e s  to  be le s s  th an  th e  t h e o r e t i c a l  v a lu e  
o f  1+.7 2 *79
These o b s e rv a tio n s  a re  in  acco rd  w ith  two main m e c h a n is tic  
c h o ic e s ,  e i t h e r  a c o n c e rte d  p ro c e ss  (R e ac tio n  3 "3 )> which is  p ro b ab ly  a
REACTION 3-3
OH" + R3SiH + H20 h> HOSiR3 + H2 +  OH"
Sjqi-S i mechanism, o r a tw o -s tep  p ro c e ss  (R e ac tio n  3~b) w ith  r a p id  
REACTION 3-1*.
OH" + R3SiH ^  [HQSiRcjH]" (a )
1 1
[HOStRsH]- + H20 -> H0SiR3 +  H2 +  OH" (b )
and r e v e r s ib le  fo rm a tio n  o f  a p e n ta c o o rd in a te  s i l i c o n  in te rm e d ia te  
17 , fo llow ed  by slow  ra te -d e te rm in in g  lo s s  o f  h y d rid e  t h a t  i s  
c o n c e rte d  w ith  hydrogen fo rm a tio n . P re fe re n c e  f o r  th e  l a t t e r  ch o ice  
i s  found in  the  f a c t  t h a t  s u b s ta n t i a l  ch arg e  developm ent a t  s i l i c o n  
o c c u rs ,  as shown by th e  o b s e rv a tio n  o f  Hammett p v a lu e s  o f  +2 to  
+ 5 .81“ 87 This  can  be in te r p r e te d  to  mean t h a t  th e  n u c le o p h ile  m ust 
b ind  t i g h t l y  to  s i l i c o n  in  o rd e r  to  e f f e c t  d isp la c e m e n t. The g r e a t ly  
in c re a se d  r e a c t i v i t y  o f  s t r a in e d  b rid g eh ead  s i l a n e s  and 
s i la c y c lo b u ta n e s , r e l a t i v e  to  a c y c l ic  s i l a n e s ,  h a s  a ls o  been
h i
su g g es ted  as ev id en ce  f o r  a p e n ta c o o rd in a te  in te r m e d ia te , 7 *55 s in c e  
th e se  system s have C -Si-C  a n g le s  c lo s e  to  9 0 ° , th e  a n g le  r e q u ire d  
betw een a x ia l  and e q u a to r ia l  s u b s t i tu e n ts  in  t r i g o n a l  b ip y ra m id s .
A s im i la r  argum ent h as  been  used  to  e x p la in  th e  in c re a s e d  r e a c t i v i t y  
o bserved  in  sm all r in g  phosphorus compounds o v er com parable a c y c l ic  
system s„9 °
The s te re o c h e m is try  o f  h y d ro ly s is  o f  s i l i c o n  h y d r id e s  ap p ea rs  
to  be predom inant r e t e n t io n  o f  c o n f ig u ra t io n  a lth o u g h , in  th e  p o la r  
s o lv e n t  m ethanol, ra c e m iz a tio n  o c cu rred .-10 R e g a rd le s s , t h i s  a llo w s 
no d i s t i n c t i o n  o f th e  mechanism s in c e  b o th  in v e r s io n  and r e t e n t io n  
o f  c o n f ig u ra t io n  a re  re a so n a b le  p o s s i b i l i t i e s  f o r  bo th  m echanism s.
N u c le o p h il ic  d isp la ce m e n ts  a t  t e t r a c o o r d in a te  phosphorus 
f r e q u e n t ly  do proceed  th ro u g h  p e n ta c o o rd in a te  in te rm e d ia te s  which 
have s u f f i c i e n t  l i f e t im e s  to  undergo p s e u d o ro ta t io n s ,  and 
s te re o c h e m ic a l r e s u l t s  a re  p r e d ic ta b le  in  term s o f  th e  r e l a t i v e  
s t a b i l i t i e s  o f  s te r e o is o m e r ic  t r ig o n a l  b ip y ra m id s„63~66 The two 
pathways t h a t  have been proposed  to  o p e ra te  f o r  p s e u d o ro ta tio n  
a re  B erry  p s e u d o ro ta t io n  (BPR) and t u r n s t i l e  r o t a t i o n  (TR) . 65 The 
r e s u l t s  o f  b o th  a re  e q u iv a le n t .
I f  p e n ta c o o rd in a te  in te rm e d ia te s  a re  formed in  th e  s o lv o ly s i s  
o f  s i l i c o n  h y d r id e s  and i f  p se u d o ro ta tio n s  a re  o c c u r r in g ,  p r e d ic ta b le  
r e s u l t s  shou ld  be o b ta in a b le .  The system  in  w hich p s e u d o ro ta tio n  
would most l i k e l y  o c c u r , i f  i t  i s  e v e r go ing  to  be im p o rtan t in  
d isp lacem en t r e a c t io n s  w ith  o rg a n o s i la n e s , i s  th e  s i la c y c lo b u ta n e  
system  s in c e  r in g  s t r a i n  sh o u ld  fa v o r fo rm atio n  o f  th e  t r i g o n a l  
b ip y ram id a l in te rm e d ia te .  B a se -c a ta ly z e d  h y d ro ly s is  o f  c i s -  and
b2
t r a n s - 1 . 2-dim e t h v l - 1- s i la c v c lo b u ta n e . 10a and 10b r e s p e c t iv e ly ,r -T- i r --I—I *  *  /Nrf-ww
a llo w s s tu d ie s  to  be made w hich w ere n o t p re v io u s ly  p o s s ib le .  I f  
in  th e  co u rse  o f  h y d ro ly s is  o f  10a .  a p e n ta c o o rd in a te  in te rm e d ia te  
i s  formed fo llo w in g  th e  same g ro u n d ru le s  w hich seem to  ap p ly  f o r  
phosphorus compounds6 3 ®66 ( a x ia l  e n tr y  o f  h y d ro x id e  to  form a 
t r i g o n a l  b ipyram id  w ith  one r in g  bond a x i a l ) ,  th en  s e v e ra l  e v e n tu a l 
outcomes a re  p o s s ib le ,  in c lu d in g  th o se  o u t l in e d  in  Scheme 3"1* I t
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seemed o f  param ount i n t e r e s t  to  d e te rm in e  w hether P a th  3 ° f  Scheme 
3-1  w ere o p e r a t in g ,  s in c e  c i s - t r a n s  is o m e r iz a t io n  would r e q u i r e  th e  
in te r v e n t io n  o f an e x tra c o o rd in a te  s p e c ie s  w ith  s u f f i c i e n t  l i f e t im e  
to  undergo p s e u d o ro ta t io n s . I t  i s  p o s s ib le  t h a t  10a cou ld  be 
c o n v e rted  to  10b by r in g  open ing  to  a c a rb a n io n  fo llow ed  by 
r e c lo s u r e ,  b u t t h a t  i s  a h ig h ly  u n l ik e ly  p ro c e ss  in  a p r o t i c  s o lv e n t
m ix tu re . A c lo s e ly  r e l a t e d  case , in  w hich is o m e r iz a t io n  o f  a 
four-m em bered phosphorus r in g  o ccu red  w ith  base  c a ta ly s i s ,  was a ls o  
p roposed  to  r e s u l t  from  fo rm a tio n  o f  a t r i g o n a l  b ipyram id  which 
underw ent p s e u d o ro ta t io n 89 (Scheme 3 - 2 ) .  P s e u d o ro ta tio n  h a s  been
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proposed  to  occur a t  s i l i c o n  in  th e  a lc o h o l c a ta ly z e d  ra c e m iz a tio n  
o f an o p t i c a l l y  a c t iv e  f lu o r o s i l a n e 5 8 *59 (R eac tic  3- 5) and in  th e
REACTION 3-5
(+)NpPhMeSiF ■ (+)NpPhMeSiF
is o m e r iz a t io n ,  a g a in  c a ta ly z e d  by a lc o h o l ,  o f  a 1 , 2- d i f l u o r o - 1 , 2-  
d is i la c y c lo h e x a n e 32 (R e ac tio n  3 - 6 ) .  Both r e a c t io n s  w ere b e lie v e d
REACTION 3-6
EtOR
r ^ s l ^ - P h
J & f
to  o ccu r by BPR o r TR o f  a p e n ta c o o rd in a te  s p e c ie s  formed by 
m ethoxide a t t a c k  a t  S i ,  fo llo w ed  by lo s s  o f  m athoxide . Sommer 
su g g es ted  th a t  in  g e n e ra l  p e n ta c o o rd in a te  in te rm e d ia te s  a re  uncommon 
f o r  r e a c t io n s  o f  t r i o r g a n o s i l a n e s , th e  f lu o r id e  d e r iv a t iv e s  b e in g  a 
s p e c ia l  c a s e .1
The r e a c t io n  o f  10a w ith  95$ (by volum e) m eth an o l-w ater 
c a ta ly z e d  by h y d ro x id e  io n  was com plex. A t l e a s t  n in e  p ro d u c ts  w ere 
fo rm ed , b u t when r e l a t i v e l y  s h o r t  r e a c t io n  tim es w ere used  ( c a . two 
h a l f - l i v e s )  fo u r  o f  th e  p ro d u c ts  acco u n ted  f o r  g r e a te r  th a n  75$ of 
th e  p ro d u c t m ix tu re . Three o f  th e  p ro d u c ts  shown in  R e a c tio n  3 - 7 ,
REACTION 3 -7
. .. . OMe +
KOH
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s e c - b u tv lm e th v lm e th o x v s ila n e , 18 , s e c -b u ty lm e th y ld lm e th o x y s lla n e , 
and 1 , 5“d i ( ^ g c ~ b u ty l ) - l ,3-d im e th y ld is i lo x a n e , 2 0 , w ere i d e n t i f i e d  by 
com parison  o f g lp c  r e t e n t io n  tim es and mass s p e c t r a  w ith  th o se  o f  
a u th e n t ic  sam ples p rep a red  as d e sc r ib e d  in  th e  e x p e r im e n ta l p a r t .
The fo u r th  p ro d u c t ,  1 . V d i f s e c - b u t v l ) - l . V d im e th v l- l-m e th o x y d is ilo x a n e , 
2 1 , was i d e n t i f i e d  a f t e r  i s o l a t i o n  from th e  p ro d u c t m ix tu re  by th ic k  
la y e r  chrom atography . A ll  o f  th e  p ro d u c ts  i s o la t e d  a re  rin g -o p en e d  
o n e s , an d , n o t s u r p r i s in g ly ,  th e  r in g  opens in  o n ly  one d i r e c t i o n  
form ing th e  more s ta b le  p rim ary  c a rb an io n  to  g iv e  s e c - b u ty l s i l a n e s  
and n o t n - b u ty l s i l a n e s . An a u th e n t ic  sam ple o f  1 , 3- d ib u t y l - l ,3 ~  
d im e th y ld is i lo x a n e , 22 , was p rep a red  and shown n o t to  be th e  same as 
any o f  th e  h y d ro ly s is  p ro d u c ts  by com parison o f  g lp c  r e t e n t io n  tim es  
and mass s p e c t r a .
No p ro d u c ts  c o n ta in in g  th e  s i la c y c lo b u ta n e  r in g  i n t a c t  w ere 
i s o l a t e d ,  b u t u s in g  an argum ent p re v io u s ly  fo rm u la te d , 7 th e  p re sen ce  
o f  e i t h e r  o r  bo th  1-hydroxy- and l-m ethoxy-l^"d im ethy l-l**silacyclobutane 
w hich underw ent su bsequen t r a p id  r in g  o p e n in g , was i n f e r r e d .  R ates  
o f hydrogen e v o lu tio n  fo r  10 a and 10b and f o r  th e  h y d r id e -c o n ta in in g  
p ro d u c ts ,  18 and 2 0 , a re  g iven  in  Table 3” 1* When 10a and 10b w ere 
h y d ro ly zed  th e re  was an i n i t i a l  p e r io d  o f  r a p id  hydrogen e v o lu t io n  
up to  ap p ro x im a te ly  30$ r e a c t io n ,  fo llow ed  by co n tin u e d  b u t much 
slow er e v o lu t io n .  The on ly  re a so n a b le  e x p la n a tio n  fo r  t h i s  
phenomenon was t h a t  d u rin g  th e  i n i t i a l  p e r io d  h y d rid e  d isp la ce m e n t 
from 10 and r in g  opening o f 10 w ere com peting , and t h e r e a f t e r  slow/n/S*
h y d rid e  d isp la ce m e n t from th e  rin g -o p en ed  p ro d u c ts  occurred . In d e e d , 
b o th  and 20 evolved  hydrogen a t  a r a t e  t h a t  was s low er by a f a c to r
1+6
TABLE 3-1
R ates o f  Hydrogen E v o lu tio n  a t  0 °
Compound [KQH]
M
103 x k ' a 
s e c "1
k
M"1 s e e ”1
^ r e l H2 e v o lv e d , 
o f  th e o r e t ic
10ar»/W 1 .5  x 10“4 13.5 90 1 .6  x 104 h i
10b 1 .5  x 10“4 5 .71 38 6 .9  x 103 26
18/N/V 0 .2 0 1 5 .3 6 2 .7  x 10"2 M 100
20 0 .815 1+.1+8 5 .5  x 10“3 1 100
g
P s e u d o - f i r s t - o r d e r ' r a t e  c o n s ta n ts .
o f  a t  l e a s t  103 compared to  th e  i n i t i a l  r a t e  from  10. In  a d d i t io n  to  
th e  k i n e t i c  e v id e n c e , g lpc-m ass s p e c t r a l  a n a ly s is  o f  th e  p ro d u c t 
m ix tu re  a f fo rd e d  re a so n a b ly  good ev id en ce  th a t  one o f th e  s o Iv o ly s is  
p ro d u c ts  was 1- ( s e c - b u tv lm e th v l s i lo x v ) - l . 2- d im e th v ls i la c v c lo b u ta n e , 
23- T his p ro d u c t was p re s e n t  a t  e a r ly  s ta g e s  o f  th e  r e a c t io n  b u t  
th en  d isa p p e a re d  as a d d i t io n a l  21 was form ed. The mass sp ec tru m  o f
th i s  p ro d u c t i s  d isc u sse d  in  a l a t e r  s e c t io n .
S l ig h t  d e v ia t io n  from l i n e a r i t y  in  th e  p s e u d o - f i r s t - o r d e r  
p lo t s  w ere o b se rv ed , p ro b ab ly  from fo rm a tio n  o f s i l a n o l  a n io n s . 90  
S a l t  e f f e c t s  w ere n o t ta k en  in to  accoun t s in c e  th ey  would have l i t t l e
in f lu e n c e  on r e l a t i v e  r a t e s . 7 4 »9 °  F u r th e r ,  i t  was more d i f f i c u l t
to  o b ta in  pure  sam ples o f th e  t r a n s  s i la c y c lo b u ta n e  iso m er, 10b ,  so 
th a t  k i n e t i c  ru n s  had to  be made on sm all amounts o f  sam ple w ith  
co n seq u en t g r e a te r  u n c e r ta in ty .  However, w ith o u t q u e s t io n  th e  c i s  
iso m e r, 10a ,  gave h y d rid e  d isp lacem en t a t  a r a t e  abou t tw ice  t h a t  o f
1+7
th e  t r a n s  iso m er, 10b. I t  seems m ost re a so n a b le  to  a t t r i b u t e  th e
b i> i ih i  niiln rs^ TV
r a t e  d i f f e r e n t i a l  to  a s t e r i c  a c c e le r a t io n .  I f  fo rm a tio n  o f  the  
in te rm e d ia te ,  2k,  (Scheme 3 " l )  from  10a i s  th e  r a t e  d e te rm in in g  s t e p ,  
th e n  i t  i s  easy  to  im agine some r e l i e f  o f  s t e r i c  i n t e r a c t io n s  betw een
th e  c is  m ethyl groups w hich would a c c e le r a te  th e  fo rm a tio n  o f  2k""1 nTI
r e l a t i v e  to  th e  co rre sp o n d in g  in te rm e d ia te  from  10b. Of c o u rs e , 
argum ents o f  a s im i la r  n a tu re  co u ld  be advance based  on th e  
assum ption  o f a d i r e c t  d isp la ce m e n t mechanism (S ^ i-S i1 o r  Sflj2-Si 
R e te n tio n 3 3 ) .
R ea c tio n  o f  th e  c i s  iso m er, 1 0a , a t  0 °  f o r  ap p ro x im a te ly  twomow
h a l f - l i v e s  (based  on th e  i n i t i a l  r a p id  r a t e  o f  hydrogen e v o lu tio n )  
was fo llow ed  by quenching  w ith  ex cess  HC1. No is o m e r iz a t io n  o f  10a(M-W
to  10b was d e te c te d  by g lp c . C o n tro l ex p erim en ts  in d ic a te d  t h a t  th e/NJVW
method used  co u ld  have d e te c te d  as  l i t t l e  a s  0 . 5$ is o m e r iz a t io n .
T hat is o m e r iz a t io n  f a i l s  to  occu r under th e se  c o n d it io n s  does n o t ,  
o f  c o u rs e , r u le  o u t th e  p o s s i b i l i t y  o f  an e x tra c o o r d in a te  i n t e r ­
m e d ia te . A p e n ta c o o rd in a te  s p e c ie s  cou ld  be formed in  th e  
ra te -d e te rm in in g  s te p  as  in f e r r e d  by Sommer from  d e te rm in a tio n  o f 
iso to p e  e f f e c t s  on the  r e a c t i v i t y  o f  1-m a th y l - l - s i la c y c lo b u ta n e . 78  
T h is i s  in c o n s i s te n t  how ever, w ith  o th e r  is o to p e  e f f e c t s  observed  
fo r  a c y c l ic  sy s te m s , an d , as p re v io u s ly  d is c u s s e d ,  c e r t a i n l y  th e  
s i la c y c lo b u ta n e  r in g  system  ought to  r e a c t  th ro u g h  ra p id  r e v e r s ib le  
fo rm a tio n  o f  a p e n ta c o o rd in a te  in te rm e d ia te  i f  a c y c l ic  system s do .
An in te rm e d ia te  cou ld  be formed r a p id ly  and r e v e r s ib ly  b u t 
w ith  th e  c o n d it io n  th a t  P a th  3 in  Scheme $-1  *-s c o n s id e ra b ly  s low er 
th an  P a th s  1 and 2 . This would not be s u r p r is in g  s in c e  (TR)3 p ro c e sse s
lt-8
ten d  to  have h ig h e r  a c t i v a t io n  energ y  b a r r i e r s  th an  a s in g le  TR 
p ro c e s s . 66
The la c k  o f  o b s e rv a tio n  o f is o m e r iz a tio n  and th e  observ ed  
c i s / t r a n s  r a t e  r a t i o  seem to  be more in  agreem ent w ith  slow  fo rm a tio n  
o f  a p e n ta c o o rd in a te  in te rm e d ia te  o r  d i r e c t  S jj i-S i d isp la c e m e n t, 
e v i d e n c e  f o r  th e  l a t t e r  b e in g  th e  observed  k in e t i c  is o to p e  e f f e c t s . 
I t  i s  indeed  q u i te  p o s s ib le  t h a t  u n s tra in e d  system s r e a c t  by d i r e c t  
d isp lacem en t w h ile  s t r a in e d  ones r e a c t  th rough  r a te -d e te r m in in g  
in te rm e d ia te  fo rm a tio n .
S in ce  th e  fo rm a tio n  o f  hydrogen ap p ears  to  be c o n c e r te d , 
h y d ro ly s is  o f  s i l a n e s  in  a p r o t ic  s o lv e n ts  sh o u ld  occu r a t  g r e a t ly  
reduced  r a t e s .  T hus, i f  an in te rm e d ia te  were formed th e  p o s s i b i l i t y  
o f is o m e r iz a t io n  would be enhanced . A c tin g  under t h i s  a ssu m p tio n , 
o th e r  media w ere e x p lo re d . D uring  th e  co u rse  o f  t h i s  s tu d y , slow  
is o m e r iz a tio n  o f 10a was observed  in  dim ethylform am ide (DMF) a lo n e ./VA/V
F u r th e r  s tu d ie s  re v e a le d  t h a t  th e  a c tu a l  r e a g e n t  c au s in g  iso m e ri­
z a t io n  was cy an id e  io n  w hich h as  p re v io u s ly  been shown to  be an 
im p u rity  in  DMF, g e n e ra te d  by l i g h t . 3 1 »92  T h is was dem o n stra ted  by 
u s in g  DMF d i s t i l l e d  from  ca lc iu m  h y d rid e  in  th e  d a rk . No iso m e ri­
z a t io n  was observed  f o r  p e r io d s  up to  one week when th e  r e a c t io n  
m ix tu re  was k e p t  in  th e  d a rk , and as e x p e c te d , r a p id  is o m e r iz a tio n  
o c cu rred  when p o tass iu m  c y an id e  was added .
A ttem pts w ere made to  d e te rm in e  th e  o rd e r  o f  th e  r e a c t io n  in  
cy an id e  io n  by d e te rm in in g  p s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n t s , k i ,  a t  
v a r io u s  KCN c o n c e n tr a t io n s , as d e sc r ib e d  in  th e  ex p e rim en ta l s e c t io n .  
A p lo t  o f  log[KCN] v s .  lo g  k i  (E q u atio n  3 ~ l)  shou ld  have g iv en  a
EQUATION 3-1
lo g  k i  = x  log[KCN] +  lo g  k3
s t r a i g h t  l i n e  o f  s lo p e  x ,  th e  o rd e r  o f  th e  r e a c t io n  in  KCN. 
I r r e p r o d u c ib le  r e s u l t s  w ere observed  in  d e te rm in in g  p s e u d o - f i r s t - o r d e r  
r a t e  c o n s ta n ts  (T ab le  3“2 ) ,  a lth o u g h  in d iv id u a l  ru n s  gave good
TABLE 3-2
P s e u d o - f i r s t - o r d e r  R ate  C o n stan ts  f o r  I s o m e r iz a t io n  o f  10a
[KCN] ( r e l a t i v e ) 104k i (m in"1 )
10 150. +  10.
5 66. ±  2 .
k e .h ±  0 .2
3 9 .5 ±  0 .9
3 8 .6 8  + 1.
3 1 .9k + .2
2 2 .0 ±  0 .2
s t r a i g h t  l i n e s .  T hus, th e  p lo t  o f  lo g  k i  v s .  log[RCN] (F ig u re  3- I )  
f a i l e d  to  r e v e a l  th e  o rd e r  o f  th e  r e a c t io n .
The orig in  o f  th e  v a r ia b le  r e s u l t s  was unknown b u t may have
been due to  a u to io n iz a t io n  o f t r a c e s  o f  w a te r  w hich co u ld  have
caused  s u b s ta n t i a l  changes in  th e  cy an id e  io n  c o n c e n tra tio n s
(R eac tio n  3“8 ) > s in c e  low c o n c e n tra t io n s  of p o tass iu m  cy an id e  were
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FIGURE 3"1« P lo t  o f  lo g  k i  v s .  Iog[KCN]r e ^ f o r  is o m e r iz a t io n  o f  
.c ts - 1 ,2 -d im e th y l-1 - s i la c y c lo b u ta n e  in  DMF.
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REACTION 3-8
HaO +  CN" £  OH" + HCN
n e c e ssa ry  to  have a s u f f i c i e n t l y  slow r e a c t io n  r a t e  to  m easure by 
th e  method u se d .
T h a t is o m e r iz a t io n  occurred does n o t in d ic a te  th e  p re sen ce  
o f  an e x tra c o o r d in a te  in te rm e d ia te ,  s in c e  r in g  opening  to  a 
c a rb a n io n , w hich would n o t  undergo f u r th e r  r e a c t io n  in  anhydrous 
DMF, fo llo w ed  by r e c lo s u r e  c o u ld  have r e s u l t e d  in  i s o m e r iz a t io n .
D isc u ss io n  o f Mass S p e c tra .
S ig n i f i c a n t  d i f f e r e n c e s  in  th e  mass s p e c tra  o f  th e  s e c -b u ty l  
and n -b u ty l  a n a lo g s , 20 and 2 2 , w ere o b se rv ed . Both showed an 
in te n s e  peak a t  mass 161 formed by lo s s  o f  C4H9 from  th e  p a r e n t .
Loss o f  C3H6 from  mass 161 le a d in g  to  a fragm ent o f  mass I I 9 i s  
observed  o n ly  f o r  20 . A m e ta s ta b le  io n  a t  mass 8 8 .0  p ro v id ed(Vs/
ev id en ce  in  su p p o rt o f  t h i s  pathw ay. However, b o th  20 and 22 showed 
lo s s  o f  C4Hq from  mass 161 le a d in g  to  a mass o f  105, th e  base peak 
f o r  bo th  compounds. T h is was su p p o rted  by a m e ta s ta b le  io n  a t  mass 
6 8 .5  in  th e  spectrum  o f 20 . An a c c e p ta b le  six-m em bered r in g/SIV
t r a n s i t i o n  s t a t e  can be w r i t t e n  f o r  b o th  rea rran g em en ts  (Scheme
3 - 3 ) .  T h is s o r t  o f  t r a n s i t i o n  s t a t e  was su p p o rted  by a more in te n s e
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SCHEME 3-3
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mass o f  133 in  22 th a n  in  2 0 , presum ably due to  lo s s  o f  0 ^ 4  from 
mass 161 by a s im i la r  t r a n s i t i o n  s t a t e  (Scheme 3-h-) a lth o u g h  no
SCHEME 3-If
^Si Si-H Si Si *H
H |-> . /*■   9 -  j |
CHJ ^PH2‘CH3 H CHg-CHj
CHg
m/e 161 m/e 133
m e ta s ta b le  io n  was o b serv ed  to  su p p o rt t h i s .  There h a s  been no 
r e p o r t  o f  d i r e c t  an a lo g s  o f  th e se  rea rran g em en ts  i n  o rg a n o s i la n e s , 
a lth o u g h  numerous r e p o r t s  o f  s ily 1 -M c L a ffe r ty - ty p e  rea rran g em en ts  
have  ap p eared^3-95  and i t  h a s  been  n o ted 96  t h a t  re a rran g em en t o f  
atoms o r  groups to  th e  s i l i c o n  atoms o f  s i l ic o n iu m  io n s  i s  a 
g e n e r a l ly  fa v o ra b le  p ro c e s s .
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The fra g m e n ta tio n  p a t t e r n  o f  th e  t r a n s i e n t  p ro d u c t 
shown in  Scheme 3“5» p ro v id ed  ample ev id en ce  f o r  th e  su g g ested
SCHEME 3-5
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s t r u c t u r e .  The p a re n t  io n , mass 216 , showed lo s s  o f  CHS le a d in g  to  
mass 201 and lo s s  o f  C4H9 le a d in g  to  mass 159s th e  base  peak . The 
p re sen ce  o f  two S i  atoms in  mass 159 W£*s confirm ed by th e  r e l a t i v e  
i n t e n s i t i e s  o f  m asses 160 and 161. The p re sen ce  o f  th e  
s i la c y c lo b u ta n e  r in g  was in d ic a te d  bo th  by lo s s  o f  C2H4 from th e  
p a re n t io n  le a d in g  to  mass 188 and from mass I 59 to  g iv e  mass 131 . 
The l a t t e r  was su p p o rte d  by a m e ta s ta b le  peak a t  mass 108. No 
c leav ag e  o f a s i l ic o n -o x y g e n  bond was observed  in  th e  d i s i lo x a n e s , 
20 o r 22. However, 23 showed lo s s  o f  C5H n S i  le a d in g  to  mass I I 7 .
CHAPTER I I I  
EXPERIMENTAL
M eth y ltr im e th o x y s ila n e .
M eth y ltr im e th o x y s ilan e  was p re p a red  as p re v io u s ly  re p o r te d 97 
and o b ta in e d  in  66$ y i e l d s bp 98"101° ( L i t . 97 bp 1 0 2 ° ); NMR (CC14 , 
e x te r n a l  TMS): 6 0 .0 0  ( s ,  3H) and 6 3*^5 ( s ,  9H ).
1 ,3 ”D ib u ty l- l  , 3 -dim e th y  ld is i lo x a n e ,  £ 2 .
By th e  method o f  L iu ,9 8 *99 1 , 3- d i b u t y l - l , 3-d im e th y ld is ilo x a n e  
was p rep a red  in  1 8 $  y i e l d ,  bp 7 T " 8 ° /9 " 1 0  mm ( L i t .98  bp 9 9 ” 1 0 0 ° /2 2  mm; 
NMR (CCI4 ,  e x te r n a l  TMS): 6 0 . 1 0  ( d ,  6 H ), 6 3 - 5 0  to  6 1 .6 2  (m, 1 8 H ), 
and 6 k.^2  (m, 2 H ); IR ( f i lm ) :  2 9 0 0  s ,  2 1 0 0  s ,  1^50 m, li*-00 m, 1360  m, 
1330 w, 1300 w, 1250 s ,  1180 m, 1060 s ,  960 m, 8j 0 s ,  and 75O s ;  
mass spec trum : 2 1 8 ( 3 ) ,  2 1 6 ( 1 1 ) ,  l 6 l ( 7 0 ) ,  159(1^-)» 1 ^ 7 (1 7 )» 1 3 3 ( 2 ) ,
1 1 9 ( 3 ) ,  1 0 5 ( 1 0 0 ) ,  1 0 3 ( 9 ) ,  9 1 ( 1 5 ) ,  and m e ta s ta b le  a t  6 8 - 5 ;  A nal, 
c a l c 'd  f o r  CioH2 6 0 S i 2 : C , 5 ^ .9 ^ ; H , 1 1 .9 9 ;  S i ,  2 5 - 7 1 .  Found:
C, H, 11 .9 5 ; S i ,  2 5 .6 6 .
s e c -B u ty lm e th y lc h lo ro s ila n e .
To a s o lu t io n  o f  26 .0  g (0 .2 2 6  m ole) o f  m e th y ld ic h lo ro s ila n e  
in  50 ml o f d ry  e th e r  was added w ith  s t i r r i n g  a s o lu t io n  o f  
s e c - butylm agnesium  brom ide o b ta in e d  from 2 7 *^ g (0 .2 0 0  m ole) o f  
2-brom obutane and 7 .0  g (0 .2 9  g-atom ) o f  magnesium powder in  320 ml 
o f  d ry  e th e r .  A f te r  s t i r r i n g  20 h under r e f lu x  th e  m ix tu re  was 
f i l t e r e d  under n i t r o g e n ,  th e  r e s id u e  washed once w ith  d ry  e th e r  and
5^
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th e  f i l t r a t e  d i s t i l l e d  to  y ie ld  1 2 .7  g (47$ y ie ld )  o f  th e  d e s ir e d  
p ro d u c t, bp 119-125°; NMR (CC14 , e x te r n a l  TMS): 6 0 .3 9  (d , 3*0 ,
6 0 .6 3  to  6 1 .82  (m, 6H ), 6 1 .01 (d ,  3H ), and 8 4 .6 2  (m, 1H). The 
m a te r ia l  was used  in  sub seq u en t r e a c t io n s  w ith o u t f u r th e r  
p u r i f i c a t i o n .
s e c -B u tv lm eth v lm eth o x v silan e . 18.
To a s o lu t io n  o f 2 .0 0  ml (4 9 .5  mmole) o f  m ethanol and 6 .0 0  ml 
( 5O.9  mmole) o f  q u in o lin e  in  40 ml o f  p en tan e  h e ld  in  an ic e  b a th  was 
added w ith  s t i r r i n g  a s o lu t io n  o f  6 .2 1  g (45-5  mmole) o f  s e c - 
b u ty lm e th y lc h lo ro s ila n e  in  20 ml o f  p e n ta n e . A f te r  a d d i t io n  was 
com plete  th e  ic e  b a th  was removed and s t i r r i n g  c o n tin u e d  2 h .
The q u in o lin e  h y d ro c h lo r id e  was removed by f i l t r a t i o n .  D i s t i l l a t i o n  
o f  th e  f i l t r a t e  y ie ld e d  4 .0  g (67$  y ie ld )  o f  18, bp 6 4 -5 ° / l4 4 -5  mm; 
NMR (CCI4, e x te r n a l  TMS): 8 0 .0 2  (d ,  3H ), 6 0 .4 3  to  6 1 .80  (m, 9H ),
6 5 -57  ( s ,  3H), and 6 4 .3 5  (m, 1H); IR ( f i lm ) :  29OO s ,  2080 s ,
1440 m, I 36O w, 1230 m, 1180 w, 1080 s ,  860 s ,  and 745 m» mass 
spec trum : 132( 1 ) ,  1 3 1 (9 ) , T7 ( l 0 ) ,  75 ( 100) ,  7 4 (1 4 ) , 6 l ( l 4 ) ,  and
4 5 (1 3 ) ;  A nal, c a l c 'd  f o r  C6Hx60 S i: C, 5 4 .4 8 ; H, 1 2 .1 0 . Found:
C, 5 4 .7 0 ; H, 1 2 .3 0 .
sec -B u ty  line th y  ld im e th o x y s ila n e , 19 -
To a s o lu t io n  o f 2 0 .0  g (0 .1 4 7  m ole) o f  m e th y ltr im e th o x y s ila n e  
in  50 ml o f  d ry  e th e r  was added w ith  s t i r r i n g  a s o lu t io n  o f  s e c -  
butylm agnesium  brom ide o b ta in e d  from  2 0 . 1. g (0 .1 4 7  mole) o f  
2-brom obutane and 5*0 g (0 .2 1  g-atom ) o f  magnesium tu rn in g s  in
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300 ml d ry  e th e r .  A f te r  r e f lu x in g  and s t i r r i n g  2 h o u rs  th e  m ix tu re  
was f i l t e r e d  under n i t r o g e n .  The f i l t r a t e  was d i s t i l l e d  y ie ld in g  a 
f r a c t i o n ,  bp 5^ - 8 ° /2 8  ram, w hich was r e d i s t i l l e d  to  g iv e  2 .k 2  g (10$ 
y ie ld )  o f  1£ , bp 75~60 /6 5 -6 6  mm ( L i t . 100 bp hS~50°/2h  mm)j NMR 
(CC14 , e x te r n a l  TMS): 6 "0 .0 8  ( s ,  3H ), 6 0 .6 2  to  6 1*90 (m, 9H ),
and 6 3 -M  ( s ,  6H ); IR ( f i lm ) ,  lb60  s ,  I 375 m, 1250 s ,  1210 m,
1180 s ,  1090 s ,  1000 m, and 970 w» mass spec trum : 1 6 2 (1 ) , 105( 100) ,
7 5 (2 7 ) , 5 9 (7 ) ,  ^5 ( 5)9  and m e ta s ta b le s  a t  55*6 and 6 8 .0 ;  A n a l, c a l c 'd  
f o r  C7H i802S i :  C , 5 I . 8O; H, 1 1 .1 8 ; S i ,  I 7 . 3 I .  Found: C, 5 1 . 6 2 ;
H, 1 1 .lit-; S i ,  I 7 A 2 .
I ,3 ”d i ( s e c ~ b u t y l ) - l , 3-d im e th y ld is i lo x a n e ,  2 0 .
To 25 ml o f  w a te r  c o n ta in in g  3*5 g o f  sodium  b ic a rb o n a te  
was added 6 . it- g (it-7 mmole) o f  s e c -b u tv lm e th v lc h lo ro s i la n e  in  50 ml 
o f  e th e r .  A f te r  sh ak in g  10 min th e  aqueous la y e r  was rem oved, th e  
e th e r  la y e r  washed once w ith  d i lu te d  ( c a . 0 .0 2  M) h y d ro c h lo r ic  a c id ,  
once w ith  w a te r ,  and d r ie d  o v er magnesium s u l f a t e .  D i s t i l l a t i o n  
gave a f r a c t i o n ,  bp 85“8° / 27"8 mm, w hich was r e d i s t i l l e d  to  g ive  
1 .6 8  g (35$ y ie ld )  o f  20 , bp 87“9 ° /3 0 " 3 l mm; NMR (CC14 , e x te r n a l  
TMS): 6 0 .1 2  (d , 6H ), 6 O.78  to  I .95 (m, 18H), and 6 it-.50 (m, 2H);
IR ( f i lm ) :  2110 s ,  lit-60 m, I 375 w , 1250 s ,  1210 w , IO65 s ,  885 s ,
and 85O s ;  mass spec trum : 2 1 8 (2 ) , l6 l( it-9 ) , 1 ^ 7 (3 ) , 1 3 3 (6 ) , 1 1 9 (6 3 ),
1 0 5 (1 0 0 ), 1 0 3 (1 1 ), 9 1 ( 6 ) ,  and m e ta s ta b le s  a t  8 8 .0  and 6 8 . 5 ; A nal, 
c a l c ’d f o r  CxoH2Q0 S i2 : C, 5 ^ -9 7 ; H , 1 1 .9 9 ; S i ,  2 5 . 7 I .  Found: C,
5k . 8 0 ; H, I I . 9 6 ; S i ,  2 5 .9 6 .
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1 ,3 " d i( j3 £ C -b u ty l) - l  ,3 -d im e th y l- l-m e th o x y d is i lo x a n e , 21.
To I 5 ml o f  a 1 .8  x 10"2 M s o lu t io n  o f  p o tass iu m  h y d ro x id e  
in  95$ aqueous m ethanol h e ld  in  an ic e  b a th  was added O.78  g o f 
1 ,2 -d im e th y l- 1 - s i la c y c lo b u ta n e . When th e  e v o lu tio n  o f hydrogen had 
ceased  20 ml o f  e th e r  was added and a l l  s o lv e n t  removed under reduced  
p re s s u re .  The rem ain in g  o i l  was d is s o lv e d  in  e th e r  and d r ie d  over 
magnesium s u l f a t e .  Removal o f  th e  s o lv e n t  gave an  o i l  which was 
p u r i f i e d  by e lu t io n  w ith  hexane on a s i l i c a  g e l  th ic k  la y e r  
ch ro m atog raph ic  p l a t e .  The component w ith  R j O .5O was e x tr a c te d  
w ith  e t h e r ,  th e  s o lv e n t  removed and th e  rem a in in g  l iq u id  d i s t i l l e d  
by m o lecu la r d i s t i l l a t i o n ,  115° / l 8-19  mm, to  y ie ld  c a . 0 .1 5  g o f  2 1 ; 
NMR (CCI4 , i n t e r n a l  benzene) (100MHz): 6 0 .0 0  ( s ,  3H ), 6 0 .1 ^  (d ,
3H ), 6 O.lj-7 to  6 1 .66 (m, 18H), 6 3-k2  ( s ,  3H ), and 6 k .55 (m, 1H);
IR ( f i lm ) :  2100 s ,  1^50 s ,  lltOO w , I 36O m, I 33O w, 1250 s ,  and
1060 s ;  mass sp ec tru m : 2^8 (< 1) ,  235( 2 ) ,  191(8 9 )» I 35( l ° ° ) »  H 9 ( l9 ) »
1 0 5 (2 2 ), 59 ( 13 ) ,  and m e ta s ta b le s  a t  95*5 and 8 2 .0 ;  A n a l, c a l c 'd  fo r  
C nH 2a02S i2 : C, 53 . I 6 ; H, I I . 3 6 ; S i ,  2 2 .6 0 . Found: C, 5 3 . 3 6 ;
H, I I . 3 8 ; S i ,  2 2 .5 7 .
A ttem pted  I s o m e r iz a tio n  o f  c i s - 1 .2 -D im e th y l- l- s i la c y c lo b u ta n e  (1 0 a ) .
To 1 .0  ml o f  95$ aqueous m ethanol was added 0 .1 0  ml o f  99$ 
is o m e r ic a l ly  p u re  10a and 5 u l  o f  to lu e n e ,  as  an i n te r n a l  s ta n d a rd .
To t h i s  s t i r r e d  s o lu t io n  h e ld  in  an ic e  b a th  was added 1 .0  ml o f
3 .2  x 10“4 M p o ta ss iu m  h y d ro x id e  in  95$ aqueous m ethano l. A f te r  
60 sec  th e  r e a c t io n  was s to p p ed  by a c id i f y in g  w ith  0 .2 5  “1 o f
3 .2  x 10”3 M h y d ro c h lo r ic  a c id  in  95$ aqueous m ethano l. Glpc
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a n a ly s is  (1 6 s x 1 /8 "  column o f  15$ A piezon L on 60-80  mesh chrom osorb 
W; 90°  to  125°  a t  10°/m in , I n i t i a l  tim e o f  5 min) showed th a t  75$ o f  
10a had r e a c te d  (2  h a l f - l i v e s )  and th a t  c a . 55$ o f  th e  o r i g i n a l  v e ry  
sm all amount o f  10b had  a ls o  r e a c te d ,  a s  d e te rm in ed  by com parison  
w ith  a g lp c  t r a c e  o b ta in e d  b e fo re  r e a c t io n .  S o lu t io n s  o f  a  60 :40  
m ix tu re  o f  bOa and 10b, r e s p e c t iv e ly ,  in  95$ aqueous m ethanol and 
in  a c id i f i e d  95$ aqueous m ethanol showed no r e a c t io n  o f  e i t h e r  
isom er o v e r a 14 hour p e r io d .  Glpc a n a ly s is  (on th e  column d e sc r ib e d  
above; 90°  to  180° a t  20°/m in) showed n in e  p ro d u c ts  w ere formed in  
th e  r e a c t io n .  T h e ir  r e t e n t io n  tim es (m in) a r e :  5*5* 4 .8 ,  8 .4 ,  9*5 ,
9 .6 ,  1 1 .1 , 1 2 .4 , 1 5 .0 , and I 5 . 4 . By g lp c  mass s p e c t r a l  a n a ly s is  and 
com parison  o f  r e t e n t io n  tim es th e  p ro d u c ts  w ith  r e t e n t i o n  tim es o f  
3 .5 ,  1+.8» 8 .I4-, and 11 .1  min w ere i d e n t i f i e d  a s  18 , ^ 9 ,  2 0 , and 21 , 
r e s p e c t iv e ly .  The p ro d u c t w ith  r e t e n t io n  tim e  9*5 m*n h as  t e n t a ­
t i v e l y  been  id e n t i f i e d  as 2£. Mass spec trum  216( < 1 ) , 2 0 l ( l ) ,  188( 3 )» 
1 6 1 (1 0 ), 1 6 0 (1 8 ), 159( 100) ,  1 4 5 (5 ) , 1 5 5 (9 ) , 1 5 2 (9 ) , 151( 20 ) ,  1 1 9 (1 9 ),
117( 56 ) ,  105( 12 ) ,  103( 15 ) ,  and a m e ta s ta b le  a t  108 .
K in e tic  M easurements o f  S o lv o ly s is  o f  S i l a n e s .
The a p p a ra tu s  used  f o r  most  k i n e t i c s  m easurem ents was an 
8 ml v i a l  equipped w ith  m agnetic  s t i r r e r  and septum  and connec ted  
to  a gas b u re t  by u se  o f  th ic k  w a ll  tu b in g  and 15 gauge n e e d le .
The v i a l  was h e ld  in  an ic e  b a th  a t  0 °  and th e  h yd rogen  evo lved  was 
c o l le c te d  o v e r w a te r  a t  2 5 ° . In  a  ty p ic a l  d e te rm in a tio n  I .90  ml o f  
a s o lu t io n  o f  p o tass iu m  h y d ro x id e  in  95$ aqueous m ethanol and 
0 .1 0 0  ml o f  s i l a n e  w ere u se d , th e  n e a t  s i l a n e  b e in g  added v ia
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s y r in g e .  A t l e a s t  20 p o in ts  w ere de term in ed  p e r  ru n . The o r i g i n a l  
c o n c e n tra t io n  o f  s i l a n e  was determ ined  from  th e  t o t a l  q u a n t i ty  o f  
hydrogen evo lved  a f t e r  a b o u t 10 h a l f - l i v e s .  For s o lv o ly s is  o f  L8, 
th e  p ro ced u re  was i d e n t i c a l  e x ce p t t h a t  a  125 ml f l a s k  was s u b s t i t u te d  
f o r  th e  v i a l .
The p s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n t ,  k ' s was o b ta in e d  from  
a p lo t  o f  E q u a tio n  3 “2 ,74 w here ' t  * i s  tim e in  s e c ,  'Voo' i s  th e  t o t a l
EQUATION 5 -2
In  J k -  = k ' t
Vco-V K C
volume o f  Hg e v o lv e d , and 'V 1 i s  th e  volume evo lved  a t  tim e ' t *. 
The s e c o n d -o rd e r - ra te  c o n s ta n ts  k  w ere o b ta in e d  from  E q u a tio n  3“ 3<
EQUATION 3-5
k '
[OKT]
K in e t ic s  o f  I s o m e r iz a t io n  o f  10a.
The a p p a ra tu s  used  f o r  k in e t i c  m easurem ents o f  is o m e r iz a t io n  
o f  JjOa was a 3 ml v i a l  equipped w ith  a septum  and h e ld  in  a  w a te r  
b a th  a t  2 3 ° . S o lu tio n s  o f  p o ta ss iu m  cy an id e  w ere p re p a re d  by 
d i lu t io n s  o f  a  DMF s o lu t io n  s a tu r a te d  w ith  KCN. The DMF had  been 
d i s t i l l e d  in  th e  d a rk  and a l l  s o lu t io n s  were s to re d  in  th e  d a rk . 
S in ce  a b s o lu te  c o n c e n tra t io n s  w ere unknown o n ly  r e l a t i v e  concen­
t r a t i o n s  a re  r e p o r te d .  A ll  ru n s  w ere made by add ing  v ia  s y r in g e
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0.025  nil o f  10a to  0 .5 0  ml o f  a s o lu t io n  o f  KCN in  DMF. The r e a c t io n
was fo llo w ed  by p e r io d ic a l ly  w ith d raw in g  a sam ple and a n a ly z in g  
im m edia te ly  by g lp c  on th e  16 * x  1 /8 ” A piezon L column p re v io u s ly  
d e s c r ib e d . The e q u il ib r iu m  c o n s ta n t  Keq was de term in ed  by a llo w in g  
th e  r e a c t io n  to  p roceed  f o r  a t  l e a s t  10 h a l f - l i v e s .  For iso m e ri­
z a t io n  o f  10a to  10b, KetJ e q u a ls  I . I 5 .
The p s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n t s ,  k x , w ere o b ta in e d  
from  a p l o t  o f  E q u a tio n  3- 4 , 101 w here 3Ao' i s  th e  i n i t i a l
EQUATION 3~k
c o n c e n tra t io n  o f  s i l a n e ,  'A e ' th e  c o n c e n tra t io n  o f  10a a t  e q u i l ib -  
riu m , 'A* th e  c o n c e n tra t io n  o f  10a a t  tim e ' t ' , and k i  and k -x  a re  
th e  r a t e  c o n s ta n ts  f o r  th e  fo rw ard  and r e v e r s e  r e a c t io n s ,  r e s p e c ­
t i v e l y .  S ince  th e  p e rc e n t  o f  each  isom er was p ro p o r t io n a l  to  i t s  
c o n c e n tr a t io n ,  p e rc e n t was s u b s t i t u te d  f o r  c o n c e n tr a t io n . A c tu a lly , 
an observed  r a t e  c o n s ta n t  k* was o b ta in e d , w hich i s  th e  sum o f  kx 
and k - x , from  which kx co u ld  be c a lc u la te d  u s in g  E q u a tio n  3”5*
EQUATION 3 -5
CHAPTER IV
SOLVENT-INDUCED ISOMERIZATION OF HALOSILACYCLOBUXANES 
S ilico n iu m  io n s  w ith  an sp 2 s t r u c t u r e ,  analogous to  carbonium  
io n s ,  have n ev er been  i s o la t e d  o r  observed  as  r e a c t io n  in te rm e d i­
a t e s . 6 ** What a t  f i r s t  appeared  to  be co n v in c in g  ev id en ce  f o r  t h e i r  
e x is te n c e  was th e  ra c e m iz a tio n  o f c h lo ro s i la n e s  in  s o lv e n ts  o f  h ig h  
d i e l e c t r i c  c o n s ta n ts  such as a c e t o n i t r i l e  and n itro m e th a n e .1 Sommer 
p roposed  th e  fo rm a tio n  o f a s i l ic o n iu m  io n  in  an io n  p a i r  to  e x p la in  
th e  ra c e m iz a tio n , th e  n e c e s s i ty  o f  r e s t r i c t i n g  i t  to  an io n  p a i r  
b e in g  d ic ta te d  by th e  weak c o n d u c tiv i ty  o f  th e  r e a c t io n  m adia.
C o rr iu  and co -w orkers  have e x te n s iv e ly  s tu d ie d  th e  
ra c e m iz a tio n  o f  a number o f  c h lo ro s i la n e s  w ith  v a r io u s  
s o lv e n t s .6 *3 5 *103" 105 There a re  numerous s o lv e n ts  t h a t  e f f e c t  
ra c e m iz a tio n , in c lu d in g :  e th e r s  such as d io x a n e , te t r a h y d ro fu r a n ,
and d ie th y l  e th e r ;  e s t e r s  such as e th y l  a c e ta te  and e th y l  b e n z o a te ; 
and p o la r  a p r o t ic  s o lv e n ts  such as HMPT, DMF and DMSO.
T hat th e  ra c e m iz a tio n  does n o t in v o lv e  an sp 2 s i l ic o n iu m  
io n  was dem o n stra ted  by C o rr iu  in  a s tu d y  o f th e  e f f e c t  o f  s t e r i c  
h in d ra n c e  on th e  r a t e s  o f  ra c e m iz a tio n  w ith  HMPT o f  a s e r i e s  o f  
a lk y l  s u b s t i t u te d  s i l a n e s , QfNpPhClSiR. The fo llo w in g  o rd e r  o f  
r e l a t i v e  r a t e  c o n s ta n ts  was o b serv ed : R = Me > E t>  P r >  i - P r  > t - B u .6
The r e v e r s e  o rd e r  o f  r e a c t i v i t y  would be p re d ic te d  fo r  io n iz a t io n
^ R e ce n tly , th e  r e a c t io n  o f 5 -(p "d ijnethy lam inophenyl)-5H - 
d ib e n z o [ b ,f 3 s i le p in  w ith  tr ip h e n y lm e th y l p e r c h lo r a te  was su g g es ted  
to  le a d  to  a s i l ic o n iu m  io n . 02
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to  an sp 2 s i l ic o n iu m  io n  s in c e  s t e r i c  h in d ra n c e  would be r e l i e v e d .  
The r e s u l t s  a re  in  agreem ent w ith  a mechanism in v o lv in g  c o o rd in a tio n  
o f th e  s o lv e n t  to  th e  s i l i c o n .  Such c o o rd in a tio n  o f  th e  b a s ic  p a r t  
o f  s o lv e n t  m o lecu les w ith  th e  a v a i l a b le  3 d - o r b i t a l s  on s i l i c o n  has 
been su g g es ted  a s  th e  re a so n  f o r  la rg e  s o lv e n t  e f f e c t s  on th e  o . r . d .  
c u rv es  o f  severa l asym m etric te t r a o r g a n o s i la n e s  , 106 and a la rg e  
number o f  com plexes o f  p o la r  a p r o t ic  s o lv e n ts  w ith  h a lo s i la n e s  a re  
known. 107*1 08
In  a s tu d y  u s in g  seven  d i f f e r e n t  asym m etric s i l a n e s , 24 
th rough  3 0 , th e  ra c e m iz a tio n  w ith  DMF, DMSO, and HMPT was shown to/W
be seco n d -o rd e r in  s o lv e n t  and f i r s t - o r d e r  in  c h lo r o s i l a n e . 104
R o M enthyl
I I . CK-Np
F h -S i-C l pMeOC6H4 -S i-C l f O T
1 i isy x  J  ' c le-Np e-Np
24 to  28 29 30<vv /srv /vv
R = Me 24
R “  E t 25
R = i - P r  26
R = n e o -p e n ty l 2 J
R = Menthoxy 28
B rom osilanes gave s im i la r  r e s u l t s . 100
On th e s e  b a se s  C o rr iu  p roposed  two p o s s ib le  m echanism s, 
b o th  in v o lv in g  an i n i t i a l  c o o rd in a tio n  o f  one s o lv e n t  (Sv) m olecule 
to  s i l i c o n  to  form  a p e n ta c o o rd in a te  com plex, (Scheme 4 -1 )
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SCHEME 4-1
RgSiGI
p J m k
S v
R — Si
I
t - R , ci
S v
— O  Qi-
. Sv
^  S v
2^ R I _R
Cl j R  
S v > S o l v e n t  § v
3 3
fo llow ed  by a d d i t io n  o f  a second s o lv e n t  m olecu le  e i t h e r  to  d is p la c e  
c h lo r id e  ion  to  g iv e  32  (p a th  l )  o r  form  a h e x a c o o rd in a te  s p e c ie s ,
^  (p a th  2 ) .  E i th e r  pathway would r e s u l t  in  is o m e r iz a t io n  s in c e  
bo th  £2  and ^  a re  sy m m etrica l.
In  an e f f o r t  to  de te rm in e  w hich mechanism was o p e ra t in g ,  
s u b s t i tu e n t  e f f e c t s  w ere de term ined  by C o rr iu  f o r  a s e r i e s  o f  
a r y lc h lo r o s i l a n e s .10s A sm all in c re a s e  (<2) in  th e  r a t e  was 
observed  fo r  th e  s tro n g  e le c tro n -d o n a t in g  p-m ethoxy group r e l a t i v e  
to  hydrogen , b u t no ra c e m iz a tio n  was observed  w ith  th e  s tro n g  
e le c tro n -w ith d ra w in g  t r i f lu o ro m e th y l  s u b s t i t u e n t .  C o rr iu  argued  
t h a t  th e  sm all e f f e c t  o f  th e  p-m ethoxy s u b s t i t u e n t  fav o red  p a th  2 
(Scheme 4 - 1 ) ,  b u t f a i l e d  to  e x p la in  th e  e f f e c t  o f  th e  tr i f lu o ro m e th y l  
s u b s t i t u e n t .  The l a t t e r ,  a lo n g  w ith  th e  d ec rea sed  r a t e s  observed  in  
th e  s e r ie s  n S i-B r > S i - C l>  S i-F  a re  in  acco rd  w ith  p a th  l . 105
6k
To d e c i d e  w h i c h  mechanism was o p e ra t in g ,  a s tu d y  o f  
th e  is o m e r iz a tio n  o f  c i s - 1 . 2-dim e t h v l - l - c h lo r o - l - s i l a c v c lo b u t a n e .
^£a, was u n d e rta k e n . I f  p a th  1 (Scheme k - l )  w ere o p e r a t in g ,  th e n  J 
shou ld  r e a c t  much slow er th an  a c y c l ic  o r  l a r g e r  r in g  c h lo r o s i la n e s  
s in c e  th e  C -Si-C  an g le  in  £ 2  i s  <c a .  120°, b u t in  2  *-s r e s t r i c t e d  to  
c a .  90°• C o n v erse ly , i f  p a th  2 (Scheme if-1) were o p e ra t in g  th en  2  
sh o u ld  show in c re a s e d  r e a c t i v i t y  ov er o th e r  c h lo r o s i la n e s  s in c e  th e  
C -Si-C  an g le  in  ^  I s a lre a d y  9 0 °- F° r  th e  same re a so n  th a t  2  
may n o t form ^ 2 , j  may n o t  form ^ 1 ; th u s ,  7  may r e a c t  by a d i f f e r e n t  
mechanism from  o th e r  c h lo ro s i la n e s .  Such a mechanism may in v o lv e  
in te rc o n v e r s io n  o f  iso m eric  t r ig o n a l  b ipy ram ids by B erry  
p s e u d o ro ta tio n  o r  t u r n s t i l e  r o t a t i o n  and a llo w  7  to  r e a c t  by an
r s j
io n iz a t io n  mechanism analogous to  p a th  1 . The p re sen ce  o f  th e  
n ap h th y l and o th e r  bu lky  groups undoub ted ly  h a s  a la rg e  s t e r i c  
e f f e c t  on th e  r e a c t i v i t y  o f  2k th ro u g h  3 0 j t h u s , a d i r e c t  
com parison to  2  would n o t be p o s s ib le .  For t h i s  re a so n  th e  k in e t i c s  
o f  is o m e r iz a tio n  o f  1 , 2-d im e th y l-1- c h lo ro s i la c y c lo p e n ta n e  i s  
c u r r e n t ly  b e in g  in v e s t ig a te d  in  o rd e r  th a t  a d e te rm in a tio n  o f  the  
e f f e c t  o f  an g le  s t r a i n  may be made. 110
Most o f  th e  s o lv e n ts  t h a t  have  p re v io u s ly  been shown to  
racem ize  c h lo r o s i la n e s  iso m erized  J a , a c e t o n i t r i l e  b e in g  an excep - 
t i o n .  S u lfo la n e ,  p y r id in e ,  and q u in o l in e ,  a l l  o f  which a ls o  isomerized 
7 a , have n o t been  re p o r te d  p re v io u s ly .  T hat q u in o lin e  iso m erized  7a 
was i n t e r e s t i n g  in  th e  r e s p e c t  t h a t  i t  was used  as th e  HC1 a c c e p to r  
in  th e  r e a c t io n  o f a lc o h o ls  w ith  7 when ev id en ce  f o r  arv
" s te re o m u ta tio n "  mechanism was p re s e n te d . 26 Thus th e  r e a c t io n  o f
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”  moles o f  a lc o h o l w ith  n moles o f  a 50:50  m ix tu re  o f  ^a. and Jb  to  
g iv e  an  unequal r a t i o  o f  iso m eric  alkojqr p ro d u c ts  and th e  reco v e red  
Ja and Jb s t i l l  p re s e n t  in  an eq u a l r a t i o  would be observed  i f  7a 
and 7b r e a c te d  a t  d i f f e r e n t  r a t e s  b u t w ere iso m erized  by q u in o l in e .
The s o lv e n t  system  HMPT in  carbon  t e t r a c h l o r id e  was chosen 
fo r  c a r e f u l  s tu d y  s in c e  th e  m a jo r ity  o f  th e  work p re v io u s ly  re p o r te d  
was w ith  t h i s  sy stem , and DMF and DMSO a p p a re n tly  re a c te d  w ith  J.
The n a tu re  o f  th e  p ro d u c ts  h as  n o t been d e term ined  b u t th ey  a re  
p ro b ab ly  s ilo x a n e s  as h as  p re v io u s ly  been observed  in  th e  r e a c t io n  
o f DMSO and DMF w ith  c h lo r o s i l a n e s .111’112 The r a t e  o f  th e  
p s e u d o - f i r s t - o r d e r  is o m e r iz a t io n  was fo llow ed  by NMR sp ec tro sc o p y  
a s  d e sc r ib e d  in  th e  ex p e rim en ta l s e c t io n .
The e f f e c t  o f  changing  HMPT c o n c e n tra t io n  i s  shown in  
Table 4 -1 . A p lo t  o f log  k i  a g a in s t  log[HMP3j c o n c e n tra t io n  (F ig u re
TABLE 1^-1
P s e u d o - f i r s t - o r d e r  R ate C o n stan ts  a t  V arious HMPT C o n c e n tra t io n s . 3
10s  x [HMPT] 
M
104 x k i b>c 
s ec "1
200. 36.
100. 16.
50. 8 .0
25. 3-1
10. 1 .1
5-0 0 .4 3
2.5 0 .1 5
£J
0 .7 5  M in  7* S p e c if ic  r a t e  d a ta  a re  g iven  in  A ppendix B. 
c 45° + 1 ° . ~
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gave a good s t r a i g h t  l in e  from  w hich an a p p a re n t o rd e r  o f  
1 .23  +  0 .0 5  in  HMPT was c a lc u la te d .  T hat no o th e r  m olecu le  o f  
c h lo r o s i la n e  was in v o lv ed  in  th e  r a te -d e te rm in in g  s te p  was 
dem o n stra ted  by d e te rm in in g  k i  a t  d i f f e r e n t  c h lo r o s i la n e  concen­
t r a t i o n s  . S ince  th e  method used  in  fo llo w in g  th e  r e a c t io n  l im ite d  
th e  range  o f  p o s s ib le  c h lo r o s i la n e  c o n c e n tr a t io n s ,  k i  was de term ined  
f o r  o n ly  th re e  c o n c e n tra t io n s  o f  c h lo ro s i la n e  b u t was checked a t  
v a r io u s  HMPT c o n c e n tr a t io n s . The r e s u l t s  (T ab le  ^ -2 )  showed th a t
TABLE l|--2
P s e u d o - f i r s t - o r d e r  R ate C o n stan ts  a t  V arious 
C h lo rs i la n e  C o n c e n tra t io n s .
104 X  [HMPT] 
M SS
H. 1_1 104 X  k i a , b  
sec "1
10. 0 .75 16.
10. 0 .3 0 Ik.
5 .0 1.13 9 .7
5 .0 0 .7 3 8 .0
5 .0 0 .3 0 6 .6
2 .5 0 .7 5 3 .1
2 .5 0 .3 0 2 .6
1 .0 0 .75 1 .1
1 .0 0 .3 0 1 .1
S p e c if ic  r a t e  d a ta  a re  g iv en  in  A ppendix B. 
b lt-5° + 1 ° .
a lth o u g h  g e n e r a l ly  th e  r a t e  in c re a se d  s l i g h t l y  w ith  in c re a s in g
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FIGURE U - l .  P lo t  o f lo g  k i  v s .  log[HMPTj fo r  is o m e r iz a t io n  o f  
c i s - l - C h lo r o - 1 .2 - d im e th v l- l - s i la c y c lo b u ta n e .  Data 
tak en  from  T ab le  k - 1 .
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c h lo ro s i la n e  c o n c e n tra t io n ,  th e  d i f f e r e n c e  was i n s u f f i c i e n t  to  
w a rra n t th e  in c lu s io n  o f  c h lo ro s i la n e  c o n c e n tra t io n  in  the  
p s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n t .  I t  seemed m ost re a so n a b le  to  
a t t r i b u t e  th e  sm all r a t e  in c re a s e  to  a change in  s o lv e n t  p o l a r i t y  
due to  th e  in c re a s in g  c h lo r o s i la n e  c o n c e n tr a t io n .
A c t iv a t io n  p a ram ete rs  (T ab le  4 -3 )  f o r  th e  is o m e r iz a t io n  w ere
TABLE 4-3
A c tiv a t io n  P aram eters
Ea (k c a l/m o le ) AH* (k c a l/m o le ) AS* ( e . u . )
11 .1  + 1 .0 10.5 ±  1 .0 -4 0 .5  + 1 .6
d e term ined  from  th e  v a r i a t i o n  in  k i  over th e  range  271 to  329°K a t  a 
HMPT c o n c e n tra t io n  o f  5 x 10"4 M. A lthough AH* f o r  th e  is o m e r iz a tio n  
o f  £  was s u b s t a n t i a l l y  g r e a te r  th a n  th e  v a lu e s  o f  0 -3  k ca l/m o le  
r e p o r te d  fo r  a c y c l ic  c h lo ro s i la n e ^ -04 t h i s  d i f f e r e n c e  may o n ly  r e f l e c t  
th e  g r e a te r  b a r r i e r  to  in v e rs io n  in  sm all r in g  system s r a th e r  th a n  a 
change in  mechanism.
The observed  o rd e r  o f  1 .23  in  HMPT was s u r p r i s in g  and a t  
f i r s t  su g g es ted  th a t  th e  observed  r a t e ,  k i , was th e  sum o f  a 
f i r s t - o r d e r  r e a c t io n  and a sec o n d -o rd e r r e a c t io n  in  HMPT (E q u a tio n  
4 - 1 ) .  However, a p l o t  o f  ki/[HMPT] v s .  [HMPT] (F ig u re  4 -2 )  was
EQUATION 4-1
k i  = k a [HMPT] + kb[HMPT]2
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FIGURE k - 2 .  P lo t  o f  ki/[HMPT] v s .  [HMPT] f o r  is o m e r iz a tio n  o f 
c i s - l - C h lo r o - 1 ,2 - d im e th y l - l - s i la c y c lo b u ta n e .  D ata 
tak en  from T able  k -1 .
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n o n - l in e a r  w hich was in c o n s i s te n t  w ith  t h i s  schem e. In s p e c tio n  o f  
F ig u re  4 -2  re v e a le d  th a t  above c a . 5 x 10"4 M in  HMPT th e  r e a c t io n  
became f i r s t - o r d e r  in  HMPT (s lo p e  ~ 0 ) b u t a t  low er c o n c e n tra tio n s  
th e  r e a c t io n  was becoming sec o n d -o rd e r in  HMPT. C lose in s p e c tio n  
o f  F ig u re  h-—1 le d  to  th e  same c o n c lu s io n . T his b e h av io r was 
c o n s i s te n t  w ith  a tw o -s te p  fo rm a tio n  o f  an in te rm e d ia te ,  presum ably 
e i t h e r  32 o r  33 (R e ac tio n  4 - 1 ) .  A p p lic a t io n  o f  th e  s te a d y  s t a t e
assum ption  to  th e  in te rm e d ia te  y ie ld s  th e  k in e t i c  law o f  E quation
4 - 2 ,  and th e  observed  r a t e  c o n s ta n t ,  k i ,  i s  th e r e f o r e  d e fin e d  as
EQUATION 4 -2
E q u a tio n  4 -3 . The l in e  shown in  F ig u re  4 -2  i s  a p lo t  o f  E q u a tio n  4 -3  
EQUATION 4 -3
REACTION 4-1
R3S iC l + Sv
kj-ks [ S y] 2 [R3S iC 1 ] 
r a t e  = k - 4 +  k 5 [Sv]
k l  k _4 + k 5[S v]
k4k5 [S v ]2
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w ith  k4 = 1 .7  M”1 s e c "1 and k s /k _4 “  2 x 104 M"1 .
The same k in e t i c  scheme h as  been used  to  e x p la in  th e  
a p p a re n t change in  th e  ra te -d e te rm in in g  s te p  in  h y d ro ly s is  o f 
a r y lo x y t r ip h e n y ls i la n e s . 113 However, th e  k in e t i c  d a ta  from  th a t  
s tu d y  have r e c e n t ly  been  c h a lle n g e d . 114
A t low c o n c e n tra t io n s  o f  HMPT (<10"5 M), th e  term  k5[S vJ 
in  E q u a tio n  k -3  becomes sm all r e l a t i v e  to  k- 4 an d , t h e r e f o r e ,  
n e g l ig ib le .  The observed  r a t e  c o n s ta n t  k i  i s  th e n  d e f in e d  as 
E q u a tio n  b-k  and a th i r d - o r d e r  r a t e  c o n s ta n t  k3 can  be in tro d u c e d
EQUATION
. k4k 5 [S y]g 
kl " k-4
(E q u atio n  ^ - 5 ) .  This i s  in  good agreem ent w ith  
EQUATION i+—5
k i k4k5 . „ n
k s "  W P  “  “ = x  10 i r  s e c
k i / [ S v ] 2 *= 2 .k  x 104 M"2  s e c "1 f o r  th e  r e a c t io n  a t  2 .5  x 10"5 M in  
HMPT, w here i t  i s  ap p ro ach in g  seco n d -o rd e r in  HMPT. Com parison o f 
k3 w ith  th e  th i r d - o r d e r  r a t e  c o n s ta n t r e p o r te d  by C o rr iu  f o r  th e  
ra c e m iz a tio n  o f i-PrPhN pSiC l (26 ) w ith  HMPT (k3 £2 ^  x  10"2 M"2 s e c " 1 ) 
re v e a le d  t h a t  7 a re a c te d  c a .  5 x 10s  tim es f a s t e r . 104 Such a d i f -  
fe re n c e  in  r e a c t i v i t y  seems too  la rg e  to  a t t r i b u t e  s o le ly  to  s t e r i c  
e f f e c t s ,  and th u s ,  t h i s  d i f f e r e n c e ,  in  p a r t ,  a p p a re n tly  i s  due to  
th e  geom etry o f th e  s i la c y c lo b u ta n e  r in g .  F in a l r e s o lu t io n  o f
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t h i s  q u e s t io n ,  how ever, a w a its  th e  r e s u l t s  o f  th e  s tu d y  o f  th e  
s i la c y c lo p e n ta n e  system .
The g r e a te r  r e a c t i v i t y  o f  Ja o v e r 26  su g g ested  th a t  th e  
fo rm a tio n  o f  th e  h e x a c o o rd in a te  in te rm e d ia te  33 r a th e r  th an  th e  io n ic  
in te rm e d ia te  32 i s  th e  mechanism o f is o m e r iz a t io n ,  y e t  ev id en ce  f o r  
th e  l a t t e r  was found in  th e  h a l id e - h a l id e  exchange observed  betw een 
l - b r o m o - l ,2- d im e th y l- l - s i la c y c lo b u ta n e  ( 13) and t r im a th y lc h lo r o s i la n erws/
(R e ac tio n  4 - 2 ) ,  c a ta ly z e d  by HMPT. No exchange o c cu rred  in  th e
REACTION 4 -2
HMPT I
S i - Br +  Me3SiCI CCU S ^ C \
Me Me
13 ?/v w
absence  o f  HMPT. A s im i la r  f lu o r id e - c h lo r id e  exchange u s in g  PhaP 
as  c a t a l y s t  h a s  p re v io u s ly  been observed115 (R eac tio n  4 - 3 ) .
REACTION 4 -3
PhaP2 Me3S iC l + MePhSiF2 — 2 Me3SiF + MePhSiCl2
The r a p id  h a l id e - h a l id e  exchange observed  in  R ea c tio n  4 -2  
su g g e s te d  an a l t e r n a t e  mechanism in v o lv in g  an i n i t i a l  d isp lacem en t 
o f  c h lo r id e  io n  by one o r  more s o lv e n t  m olecu les (R eac tio n  4 - 4 a ) ,
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fo llow ed  by a r a te -d e te rm in in g  s te p  in  which c h lo r id e - c h lo r id e  
exchange w ith  in v e rs io n  (R e a c tio n  4^-—h-b) .  Walden in v e rs io n s
REACTION k-k
R3S iC l + n Sv -> [R3S i(S v )n ]+ , C l" (a )
R3S iC l + C l" R3S iC l + C l" (b )
such as  th e  l a t t e r  s te p  a re  w e ll known f o r  h a lo s i l a n e s j1 »6 and 
p re c e d e n ts  f o r  th e  f i r s t  s te p  e x i s t  in  th e  numerous s o lv e n t  ad d u cts  
known fo r  h a lo s i la n e s  w ith  DMF, DMSO, a c e t o n i t r i l e ,  tr im e th y lp h o sp h in e  
o x id e , and am in es . 108 The o rg a n ic  b ase  ad d u c ts  o f  th e  bromo- and 
io d o s ila n e s  a re  known to  be io n ic  from  c o n d u c t iv i ty  and in f r a r e d  
m easurem ents . 11 6 *117 D ata f o r  c h lo r o s i la n e  ad d u c ts  in d ic a te s  io n ic  
s t r u c tu r e s  a l s o . 108
The mechanism d e p ic te d  in  R e a c tio n  f u l l y  e x p la in ed  th e  
r a p id  h a l id e - h a l id e  exchange observed  in  R ea c tio n  k -2  and was 
co m p atib le  w ith  s t e r i c  e f f e c t s ,  s u b s t i t u e n t  e f f e c t s ,  and th e  o rd e r  
o f r e a c t i v i t y  o f th e  v a r io u s  h a l id e s  observed  in  s o lv e n t  induced 
ra c e m iz a tio n . F u rth e rm o re , th e  a c t i v a t io n  p a ram ete rs  re p o r te d  fo r  
h a l id e - h a l id e  exchange , 118*119 (AH  ^ = 2 to  12 k c a l/m o le  and AS^ =
-kO to  -60 e . u . )  co rre sp o n d  c lo s e ly  to  th e  a c t i v a t io n  p a ram ete rs  
r e p o r te d  fo r  s o lv e n t  ra c e m iz a tio n  o f  c h lo r o s i la n e s .  The o b se rv a tio n  
t h a t  tetrabutylam m onium  brom ide iso m erized  J a t  a r a t e  o n ly  s l i g h t l y  
g r e a te r  th an  th a t  cau sed  by an e q u iv a le n t  c o n c e n tra t io n  o f  HMPT was 
a p p a re n tly  co n v in c in g  evidence for this mechanism. However, th e  k in e t i c s  
o bserved  h e r e in  d e fy  e x p la n a tio n  in  term s o f such a mechanism.
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The p o s s i b i l i t y  e x i s t s  th a t  th e  h a l id e - h a l id e  exchange 
o bserved  in  R ea c tio n  4 -2  occurred th rough  some mechanism u n re la te d  
to  is o m e r iz a tio n . But in  view o f  th e  com parable r a t e s  o f  exchange 
and is o m e r iz a tio n  bo th  a p p a re n tly  o ccu r th rough  a common in te rm e d ia te .  
The fo llo w in g  mechanism ap p ea rs  to  be in  acco rd  w ith  a l l  d a t a : 
r e v e r s ib le  c o o rd in a tio n  o f  two s o lv e n t  m o lecu les w ith  d isp lacem en t 
o f c h lo r id e  io n ,  a s  in  p a th  1 (Scheme h--1 ) ,  acco u n tin g  fo r  iso m e ri­
z a t io n ;  h a l id e - h a l id e  exchange o c c u rr in g  as  in  R ea c tio n  4-4b  b u t 
w ith  p redom inant r e t e n t io n  o f c o n f ig u ra t io n .  T hat h a l id e - h a l id e  
exchange would o ccu r w ith  p redom inant r e t e n t io n  i s  c o n s i s te n t  w ith  
th e  known s te re o c h e m is try  o f  r e a c t io n s  a t  s i l i c o n  in  sm all r in g s  
(C hapter I I ) . F u rth e rm o re , c h lo r id e -c h lo r Id e  exchange in  benzene 
(a  s o lv e n t s im i la r  in  p o l a r i t y  to  CCI4 ) h as been shown to  p roceed  
w ith  a lm ost com plete r e t e n t io n  o f  c o n f ig u r a t io n . 119 
31 and 3 2 , a re  in c o n s i s te n t  w ith  th e  r e a c t i v i t y  o f  7 , s in c e  b o th  
and 32 r e q u ir e  C -Si-C  a n g le s  o f  c a . 120°. A lthough and £2  
may w e ll be th e  s t r u c tu r e s  f o r  in te rm e d ia te s  in  th e  r e a c t io n s  o f 
la rg e  r in g  and a c y c l ic  c h lo r o s i la n e s ,  th e  sm all an g le  in  fo u r  and 
five-m em ber r in g s  r e q u ir e s  a p ic a l - e q u a to r i a l  p lacem ent o f  th e  
r i n g . 64*66 A p la u s ib le  pathway f o r  th e  is o m e r iz a tio n  o f  7a i s  
shown in  Scheme 4 -2 .  The fo rm a tio n  o f  35 *-s in c o n s i s t e n t ,  how ever,
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SCHEME k- 2
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w ith  th e  p o s tu la te  in  phosphorus ch em is try  o f  a p ic a l  e n t ry  and
d e p a r tu re  o f  n u c le o p h ile s 6 4 . 6 5 A more re a so n a b le  p o s s i b i l i t y  i s
a x ia l  e n try  o f  Sv to  g iv e  57 (Scheme k - j )  fo llo w ed  by d isp la ce m e n t
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o f  c h lo r id e  io n  by b a c k -s id e  a t t a c k  to  g iv e  ^ 8 . A doub le  t u r n s t i l e  
r o t a t i o n 6 4 >65 fo llow ed  by e s s e n t i a l l y  th e  r e v e r s e  o f  th e  f i r s t  two
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s te p s  would r e s u l t  in  fo rm a tio n  o f  th e  t r a n s  isom er J b .  H a lid e -h a lid e  
exchange cou ld  o ccu r betw een an io n ic  in te rm e d ia te s  3$ o r  which 
p resum ably  a re  io n  p a i r s ,  and a n o th e r  h a lo s i la n e  m olecu le  (R eac tio n
CHAPTER IV 
EXPERIMENTAL
Is o m e riz a tio n  o f  Ja w ith  V arious S o lv e n ts .
In  g e n e ra l th e  is o m e r iz a tio n  o f  7 w ith  v a r io u s  s o lv e n ts  was 
de term ined  by add ing  c a . 0 .1  ml o f  th e  s o lv e n t  to  1 ml o f an 85:15  
m ix tu re  o f  7a and 7b in  CC14 and o b se rv in g  any change in  th e  r a t i o  
by NMR a t  am bient te m p e ra tu re . P y r id in e ,  q u in o l in e ,  DMSO, DMF, and 
HMPT gave com plete is o m e r iz a t io n  in  < lh .  S u lfo la n e  and n itro m eth an e  
re q u ire d  c a .  2 -^h w h ile  a c e t o n i t r i l e  gave no is o m e r iz a t io n  a f t e r  l 8h . 
THF and ace to n e  gave no is o m e r iz a t io n  of J a t  room tem p era tu re  b u t 
when a sample o f  J c o n ta in in g  a t r a c e  o f  e i t h e r  THF o r a ce to n e  was 
h e ld  a t  I I 50 f o r  2h is o m e r iz a tio n  was co m p le te .
K in e tic  M easurem ents.
In  a l l  c a se s  th e  r e a c t io n  was fo llow ed  by NMR. The s ta n d a rd  
p ro cedure  was to  p la c e  in  a d ry  NMR tube  v ia  s y r in g e  O .5O ml o f a 
s o lu t io n  o f known c o n c e n tra t io n  o f 7 i-n CCI4 (7a to  Jb r a t i o  o f 
8 5 : 15 ) .  The tube  was p laced  in  the  c a v i ty  o f  an A60A NMR 
S p ec tro m ete r h e ld  a t  ^ 5 ° i l° «  A f te r  a llo w in g  c a . 5 m inutes fo r  
th e  tem p e ra tu re  to  e q u i l i b r a t e ,  0 .5 0  ml o f a s o lu t io n  o f  known 
c o n c e n tra t io n  o f  hexam ethy lphosphoric  tr ia m id e  (HMPT) in  CC14 was 
added v ia  s y r in g e .  A t d e f i n i t e  tim e in te r v a l s  th e  Si-Me re g io n  
(8  O.35  to  6 0 .6 0 )  was in te g r a te d  on a 100 Hz sweep w id th  to  o b ta in  
th e  r a t i o  o f  7a to  7b . The r e a c t io n  was fo llo w ed  u n t i l  c a .  a 5^-:^6 
r a t i o  o f  to  was o b ta in e d  o r  u n t i l  a t  l e a s t  35 p o in ts  were
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ta k e n . The e q u ilib r iu m  c o n s ta n t  (Ke q ) f o r  th e  is o m e r iz a t io n  o f  7a 
to  7b was de term ined  by a llo w in g  th re e  d i f f e r e n t  runs to  p roceed  f o r  
a t  l e a s t  10 h a l f - l i v e s  and th en  re p e a te d ly  in te g r a t in g  th e  sam ple. 
From an averag e  o f th e  18 in te g r a t io n s  made, th e  e q u il ib r iu m  
c o n s ta n t was de term ined  to  be 1 .0 8 .
From the  d a ta  o b ta in e d  as d e sc r ib e d  abo v e, th e  
p s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n ts  cou ld  be o b ta in e d  by th e  method 
d e sc r ib e d  fo r  th e  k in e t i c s  o f  is o m e r iz a tio n  o f  10a (C hap ter I I I ) .
A c tiv a t io n  P a ra m e te rs .
P s e u d o - f i r s t - o r d e r  r a t e  c o n s ta n ts  w ere determ ined  as above 
a t  v a r io u s  te m p e ra tu re s . A c t iv a t io n  p a ram ete rs  were de term in ed  in  
the  u su a l manner by p l o t t i n g  lo g  kg, v s .  1 /T . 101
T reatm ent o f  D ata .
A ll  p o in ts  in  which th e  sum o f  th e  in te g r a t io n s  o f  Ja and 7b 
d e v ia te d  g r e a te r  th an  I .96  tim es th e  s ta n d a rd  d e v ia t io n  ( a )  (95$ 
co n fid en ce  le v e l )  w ere d is c a rd e d . S im i la r ly ,  a l l  p o in ts  i f  any th a t  
d e v ia te d  g r e a te r  than  I .96  tim es th e  s ta n d a rd  e r r o r  o f  e s tim a te  
(Sy.x ) ,  as determ ined  by a r e g r e s s io n  a n a ly s i s ,  w ere d is c a rd e d . A 
second re g re s s io n  a n a ly s is  th u s  p ro v id ed  th e  s lo p e ,  1 .92  k i . The 
re p o r te d  e r r o r  i s  I .96  tim es th e  s ta n d a rd  d e v ia t io n  o f th e  s lo p e  
(95$ co n fid en ce  l e v e l ) .
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H a lid e -H a lid e  Exchange C ata ly zed  by HMPT.
In  a 25 ml f l a s k  equipped w ith  a m agnetic  s t i r r e r  and s e t  
fo r  d i s t i l l a t i o n  was p la ce d  1.95  8 ( 10 .9  mmole) o f 2 .h  g ( 21 .8  
mmole) o f  t r im e th y lc h lo r o s i la n e ,  and 10 ml o f  2 x 10”4 M HMPT in  
CCI4 . A f te r  s t i r r i n g  2 h  a t  room te m p e ra tu re , th e  m ix tu re  co n ta in ed  
c a .  a 6 0 :1*0 m ix tu re  o f 13 and 7 r e s p e c t iv e ly ,  as d e term ined  by NMR. 
D i s t i l l a t i o n  gave a f r a c t i o n ,  bp 6 0 -8 ° /9 5  n in ., th e  mass spectrum  
and NMR o f  which were i d e n t i c a l  to  th o se  o f  7*
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APPENDIX A
S p e c if ic  R ate  D ata f o r  S o lv o ly s is  o f  S ila n e s  and fo r  Cyanide 
Induced Is o m e r iz a tio n  o f  I , 2 -D im e th y l- l- s i la c y c lo b u ta n e  
(d e s c r ib e d  in  C hap ter I I I )
8 8
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TABLE A-l
aSolvolysis of cis-1.2-Dimethvl-l-silacvclobutane (10a) in
95 Volume $  Aqueous M ethanol*5 a t  0 ° .
Run 1
Time. sec ml o f  Ho evolved
8 1 .6
15 2 .1
22 3 .1
28 3 .6
35 It-.l
43 it- .6
5^ 5 .1
66 5 .6
82 6 .1
98 6 .5
112 6 .8
125 7 .0
138 7 .2
15^ J .k
172 7 .6
650 8 .3
a0 .078 g o f 10a . b 1.50  x 10“4 M in  K0H.
TABLE A -la  
R ate C o n stan ts  D erived  from  T able A - l .
Run k '  x 102 , s e c -1  k ,  M"1 s e c -1  r
l  1 . 3 5 + 0 .0^ 90 . + 3* 0 .9 9 8
90
FIGURE A-l. Solvolysis of cis-1.2-Dime thyl-l-silacyclobutane.
Data taken from Table A-l, run 1.
O.C Z
80 100 120 140 160 180
9 1
TABLE A - 2
S o lv o ly s is  o f  t r a n s - l . 2-D im e th v l- l - s i la c v c lo b u ta n e a (10b) in  
95 Volume $ Aqueous M ethanol a t  0 ° .
Run 1
Time. sec  ml o f  Hp evo lved
8 0 .2
20 0 .5
30 0 .8
57 1 .0
kk 1 .2
52 l . k
61 1 .6
75 1 .8
85 2 .0
10k 2 .5
120 2 .5
l k i 2 .7
16k 2 .9
196 5 .1
220 5-5
260 5 .5
300 5 .7
1150 k .5
30 .0 7 8  g o f  10b. b 1.50 x 10"4 M in  KGB.
TABLE A-2a 
R ate C o n stan ts  D erived from  T able  A -2.
Run k '  x 103 , s e c "1 k , M"1 s e c "1
1 5 . 7 I  + 0 . 2 2  58 .  + 2 .
r
0 .9 9 7
9 2
FIGURE A - 2 .  S o l v o l y s i s  o f  t r a n s - l . 2 - D i m e t h v l - l - s i l a c y c l o b u t a n e .
D a ta  t a k e n  from  T a b le  A - 2 ,  r u n  1 .
S “
> 1.0
160 200 240 280
t (sec)
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TABLE A-3
S o lv o ly s is  o f  s e c -B u tv lm e th v lm e th o x v silan ea (18) in  
95 Volume <jo Aqueous M ethanol a t  0 ° .
Run 1 Run 1 (c o n tin u e d )
Time. sec  ml o f  Ho evo lved
11 2 .5
16 3 .5
22 5 .0
29 7-0
36 9 .0
42 11.0
50 13.0
57 15.0
&+ 17 .0
72 19.0
80 21 .0
88 23 .0
9 6 25 .0
106 27 .0
115 29 .0
Time. sec  ml o f Ho evolved
125 31.0
136 33.0
lij-7 35 .0
158 37.0
171 39 .0
191 42 .0
204 44 .0
220 46 .0
237 4 8 .0
255 50 .0
273 52 .0
294 54 .0
318 56 .0
347 5 8 .O
1100 68.5
a0 .3k0  g o f  18. b0 .2 0 1  M in  KOH.
TABLE A-3a 
R ate C o n stan ts  D erived  from  T able A-3 .
Run k '  x 103 , s e c -1  k x 102 , M"1 s e c "1 r
1 5 -3 6 + 0 .0 7 . 2 .66  + 0 .oil- 0 .999
9k
FIGURE A-J>. S o lv o ly s is  o f  s e c -Butvlm e thvlme thoxvs i l a n e . 
D ata tak en  from  Table A-3 , run  1.
/ O1.4
1.0
e 0.8
0.6
0.4
0.2
0.0
120 200 280 3201608040
t (sec)
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TABLE A-lf-
S o lv o ly s is  o f  1 ,5 -D i(_ s g c -b u ty l) - l , 3-dim e th y ld is i lo x a n e 3 (20) 
in  95 Volume $  Aqueous M ethanol a t  0 ° .
Run 1 Run 1 (c o n tin u e d )
Time. sec  ml o f  H j evo lved  Time. sec  ml o f Ho evo lved
10 0 .7 182 9 -3
25 1-3 194 9 -8
14-1 2 .3 207 10.3
50 2 .8 219 10.8
60 3 .3 233 11.3
69 3 .8 248 11 .8
81 4.5 262 12 .3
93 5 .1 277 12 .8
106 5 .8 294 13.3
116 6 .3 310 13 .8
127 6 .8 327 14.3
158 7 .8 348 14 .8
159 8 .3 1000 18 .7
170 8 .8
a0 .0 8 l3  g o f 20. b0 .8 l5  M in  KOH.
TABLE A-4a 
R ate C o n stan ts  D erived  from  Table A -4.
Run k '  x 103 , s e c " 1 k  x 103 , M"1 se c " 1 r
1 4 . 4 8 + 0 . 1 5  5 . 5O + O . I 8 O.996
FIGURE A-k.  S o l v o l y s i s  o f  1 . V D i ( s e c - b u t y l ) - l , ^ - d i m e t h y l d i s i l o x a n e .
D ata  t a k e n  fro m  T a b le  A -k ,  ru n  1 .
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TABLE A- 5
Iso m e r iz a tio n  o f c i s - 1 , 2-D im e th y l-1 -s i la c y c lo b u ta n e  (10a) 
w ith  P o tassiu m  C yanide3 in  DMF a t  23° •
Run 1
Time, min <ja 10a Rem aining
24 61 .9
38 57-6
57 5 2 .6
76 4 6 .1
153 46 .9
169 4 6 .1
g
R e la t iv e  c o n c e n tra t io n  o f  10.
TABLE A-5a 
R ate C o n stan ts  D erived  from  T able  A-5
Run k '  x 102 , min”1 k i  x 102 , min”1 r
i  2 . 7 4 + 0 .2 0  1 .4 7  + 0 .1 1  0 .9 9 3
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FIGURE A ~ 5 • I s o m e r i z a t i o n  o f  c i s - 1 , 2 - D i m e t h y l - l ~ s i l a c y c l o b u t a n e  w i t h
P o t a s s i u m  C y a n id e .  D ata  t a k e n  from  T a b le  A - 5 » tu n  1 .
20 40 1 6 0
t (min)
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TABLE A-6
I s o m e r iz a tio n  o f  c i s -1 ,2 -D im e th y l-1 -s ila c y c lo b u ta n e  (10a) 
w ith  P o tassiu m  C yanide3 in  DMF a t  23°.
Run 1
Tim e, min °j0 10a Rem aining
8 8 7 .7
29 78 .5
li-6 72 .9
6b 6 6 .7
8k 6 3 A
125 5 6 .2
Q
R e la t iv e  c o n c e n tra t io n  o f 5-
TABLE A-6a 
R ate  C o n stan ts  D erived from  Table A-6 .
Run k '  x 102 , min”1 k i  x 103 , min-1  r
1 1 .23  + 0 .05  6 .5 8  + 0 . 214- O.999
100
FIGURE A - 6 .  I s o m e r i z a t i o n  o f  c i s - 1 . 2 - D i m e t h y l - 1 - s i l a c y c l o b u t a n e  w i t h
P o t a s s i u m  C y a n id e .  D ata  ta k e n  fro m  T a b le  A - 6 ,  ru n  1 .
<  I q
0.0 “
4 0  SO
t(min)
100
101
TABLE A -7
Iso m e r iz a tio n  o f c ^ s - l ,2 -D im e th y l-1 - s i la c y c lo b u ta n e  (10a )/N/W
w ith  P o tassium  C yanide3 in  DMF a t  23°.
Run 1
Time, min $ 10a Remaining
6 9 0 .1
20 88.9
42 8 7 .7
62 86 .8
82 85 .5
103 84 .6
128 83.5
156 82.6
181 81 .8
aR e la t iv e  c o n c e n tra t io n  o f
TABLE A-7a 
R ate  C o n stan ts  D erived  from Table A-7 .
Run k /  x 103 , min"1 k i  x 104 , s e c " 1 r
1 1 . 2 0 + 0 . 0 4  6 . 4 0 + 0 . 2 0  O.995
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FIGURE A-7. Isomerization of cis-1,2-Dimethyl-1-silacyclobutane with
Potassium Cyanide. Data taken from Table A-7, run 1.
0 .4 5
0 .4 0
0 .3 5
<
I i
<
c  0 .3 0
0 .2 5
4 0  8 0  120 I6Q
t (min)
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TABLE A -8
Iso m e riz a tio n  o f  c i s - 1 ,2 -D im e th y l-1 - s i la c y c lo b u ta n e  (10a)
r</w
w ith  P o tassiu m  C yanide3 in  DMF a t  2 3 ° .
Run 1 Run 2
Time, min $ 10a Rem aining Time, min # 10a Rem aining
6 9 0 .3 6 9 2 .8
27 86 .9 27 9 0 .1
51 8 5 .6 5k 8 8 .3
7k 8 3 .6 7k 8 7 .2
115 8 1 .2 98 8 6 .0
136 80 .0 115 8 5 .O
158 7 9 . ^
179 78 .0
Run 3
Time, min $ 10a Rem aining
7 9 5 -^
52 9^-9
^9 9 ^ -2
72 9 ^ .0
100 93-8
160 9 2 .7
g
R e la t iv e  c o n c e n tra t io n  o f 3-
TABLE A-8 a 
R ate C o n sta n ts  D erived  from  T able A -8 .
Run k '  x 103 , min-1  k i  x 104 , min”1 r
1 1.78 + 0.16 9-53 + 0 .9 2 0 .9 9 0
2 1 .62  + 0 .2 0  8 .6 3  + 1-05 O.989
3 0 .3 6 2  + O.Okk 1 .9k  + 0 .2 3  O.989
101*
FIGURE A-8 . Isomerization of cis-1.2-Dimethyl-1-silacyclobutane with
Potassium Cyanide. Data taken from Table A-8 , run 1.
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TABLE A -9
Isomerization of cis-1,2-Dime thy1-1-s ilacyclobutane (10a)
with Potassium Cyanide8 in DM? at 25°.
Run 1
Time, min $  10a Rem aining
23 9 4 .9
55 9 4 .1
76 93-9
109 9 3 .3
131 9 3 .1
156 9 2 .6
184 9 2 .2
219 9 1 .7
245 90 .5
aR e la t iv e  c o n c e n tra t io n  o f  2 .
TABLE A-9a 
R ate  C o n sta n ts  D erived  from T able A-9 .
Run k '  x 104 , m in"1 k i x 104 , min"1 r
1 3 .81 + 0 .4 6  2 . 0 4 + 0 . 2 4  O.983
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FIGURE A-9 . Isomerization of cis-1.2-Dimethyl-l-silacyclobutane with
Potassium Cyanide. Data taken from Table A-9s run 1.
0.20
0.18
0.16
0.14
0.12
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41«?
*C< <  0.08
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0.00
APPENDIX B 
S p e c if ic  R ate  D ata f o r  Is o m e r iz a tio n  o f  
1 -C h lo ro -1 ,2 -d im ethy1 -1 -s  ila c y c lo b u ta n e  
(d e sc r ib e d  in  C hap ter IV)
107
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TABLE B - l
I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - 1 , 2 - d i m e t h y l - l - s i l a c y c l o b u t a n e a
( 7 a )  w i t h  2 . 0  x  10"3  M HMPT i n  CC14  a t  1*5°.
Run 1 Run 1
Tim e. sec R e la t iv e  Area Tim e. sec R e la t iv e  A reab
l a 7b 7a 1 3
15 125 k l 25 128 38
35 123 kQ 1*0 112 k3
60 115 58 55 111 1*5
80 108 60 71 111 53
105 100 61* 97 106 59
122 98 65 112 102 63
lko 93 71 129 103 62
17^ 93 70 11*5 98 67
195 93 75 161 98 69
211 92 78 183 9k 71
235 89 78 200 92 72
255 88 80 220 9k
237 89 76
253 93 76
a0 .7 5  M in  7 . bFrom NMR.
TABLE B -la  
R ate C o n stan ts  D erived  from Table B - l .
Run
1
2
k '  x 103 , sec"  k i  x 103 , s e c "1 r
j M  + 0 .5 1  3 . 8 5 + 0 .2  6 O.993
6 . 6 3 + 0 .5 3  3 .1*5 ± 0 .2 7  0 .9 8 8
In 
 ^
A
t
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FIGURE B - l .  I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - 1 . 2 - d i m e t h v l - 1 -
s i l a c y c l o b u t a n e  w i t h  2 . 0  x  1 0 ”3  M HMPT. D a ta
ta k e n  from  T a b le  B - l ,  ru n  1 .
1
/
/
/
t  (sac)
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TABLE B-2
Isomerization of cis-l-Chloro-1.2-dimethyl-1-silacvclobutane
(7a) with 1.0 x 10"3 M HMPT in CC14 at 45°.
Run 1
A reab
Run 2
Time, sec R e la t iv e Time. sec R e la tiv e A reab
7a 7a 7a
0 109 33 0 131 43
50 101 39 50 125 52
100 96 46 100 118 57
150 95 51 150 113 64
200 93 55 220 108 67
250 91 58 250 106 70
500 85 61 300 100 72
350 84 64 350 98 76
400 83 66 400 96 78
450 80 66 450 95 79
Run 5 Run 3 (c o n tin u e d )
Time, sec R e la t iv e A reab Time, sec R e la t iv e 4E,ea
7a/W Zfe 7a 7b
0 137 38 210 115 66
30 129 42 240 110 66
60 125 46 270 108 69
90 124 50 400 103 77
120 120 55 450 101 78
150 118 58 500 99 79
180 120 63 550 99 83
a0 .7 5  M in  7 . bFrom NMR.
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TABLE B-2a 
R ate  C o n stan ts  D erived from  T able  B-2.
Run k '  x 103 , s e c "1 k i  x 103 , s e c "1 r
1 3 .00  + 0 .1 2  1 .5 6  + 0 .0 6  0 .9 9 8
2 3 .2 2  + 0 .1 3  1 . 6T + 0 .0 T O.998
3 2.80  + 0 .0 9  t . l l - 5 + 0 .0 5  O.998
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FIGURE B - 2 .  I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - 1 , 2 - d i m e t h y l - 1 -
s i l a c y c l o b u t a n e  w i t h  1 . 0  x  1 0“ 3  M HMPT. D ata
t a k e n  from  T a b le  B - 2 ,  ru n  2 .
/
<
0.6c
10b  200“ ' 300 " “ 4 0 0
t (sec)
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TABLE B-3
Isomerization of cis-l-Chloro-1.2-dimethyl-1-silacvclobutane
(7a) with 5.0 x 10”4 M HMPT in CC14 at 45°.
Run 1 Run 2
b bTim e. sec  R e la t iv e  A rea Tim e. sec  R e la t iv e  Area
7a 7b 7a
70 130 46 0 140 38
100 129 48 50 132 44
150 125 51 100 130 46
200 122 54 150 123 50
250 122 58 200 123 53
300 117 60 250 119 55
350 117 62 300 120 56
400 115 64 350 115 60
450 111 69 4oo 112 61
VJ
1 0 0 112 70 450 110 6 3
550 106 70 500 111 65
600 106 73 550 109 66
650 109 77 600 106 69
900 102 81 740 105 75
950 100 80 800 103 79
850 102 79
900 99 79
950 99 81
1000 98 82
1050 98 81
1114-
TABLE B~3 (continued)
Run 3 Run 3 (co n tin u e d )
Time, sec R e la tiv e A reab Time, sec R e la tiv e Area
7a 7b 7a 7b
0 105 32 450 87 55
50 104 36 500 83 57
100 101 39 550 85 57
150 101 42 600 82 58
200 96 44 650 81 59
300 91 49 700 80 61
350 89 52 750 80 61
1400 88 53
aO„75 M in  7 . bFrom NMR.
TABLE B-3a
R ate C o n stan ts  D erived from Table B-3 .
Run k '  x 103 , s ec "1 k i  x  104 , s e c " 1 r
1 1 .46  + 0 .0 4 7 .5 8  + 0 .2 2 O.996
2 1 .49  +  O.05 7 .7 6  + 0 .2 7 O.997
3 I .65 ±  0 .0 8 8 .5 6  ±  O.39 O.996
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FIGURE B -3 . I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - l , 2 - d i m e t h v l - l -
s i l a c y c l o b u t a n e  w i t h  5 *0 x  10”4  M HMPT. D ata
ta k e n  from  T a b le  B ~ 3 j ru n  2 .
i<
goo 4 0 0  600 @00 1000
t(sec)
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TABLE B-14-
Is o m e riz a tio n  o f  jc is - l -C h lo ro - 1 ,2 -d im e th y l- l - s i la c y c lo b u ta n e  
(7 a ) w ith  2 .5  x 10"4 M HMPT in  CC14 a t  4 5 ° .(W
Run 1 Run 2
Time, sec R e la tiv e A reab Time, sec R e la tiv e -A reab
7a/W 7b 7a 7b
0 111 26 0 139 29
25 lh-3 34 50 138 32
100 138 37 100 139 34
200 133 *1-1 150 134 35
300 131 46 200 136 37
400 129 47 300 132 40
500 128 48 400 129 42
600 128 54 500 128 44
700 122 56 600 122 48
800 124 60 700 126 48
900 119 61 800 117 50
1000 118 63 900 119 55
1100 118 63 1000 117 57
1200 121 64 1100 116 58
1400 120 69 1200 111 57
1500 112 70 1300 106 61
1600 106 73 1400 107 64
1700 109 72 1500 105 66
1800 104 79 1700 101 67
2000 105 79 1900 103 70
2100 101 78 2000 103 69
2200 103 82 2100 105 71
2300 100 81 2200 103 72
a0 .7 5  M in  7 . bFrora NMR.
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TABLE B-lj-a 
R ate  C o n stan ts  D erived  from  Table B-
Run k '  x 104 , s e c "1 k i  x 104 , s e c ”1
1 6 .k 7 + O .jk  3 .3 6  + 0 .1 7
2 5 . 5 6 + 0 .2 9  2 . 8 9 + 0 .1 5
0 .9 9 1
O.992
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FIGURE B-1+. Isomerization of cis-l-Chloro-l,2-dimethyl-1-
silacyclobutane with 2.5 x 10“4 M HMPT. Data
taken from Table B-k, run 2.
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TABLE B-5
Isomerization of cis-l-Chloro-1,2-dimethyl-l-silacyclobutane
(Ta) with 1.0 x 10~4 M HMPT in CC14 at 45°.
Run 1 Run 2
Tim e. sec  R e la t iv e  Area Time, sec  R e la t iv e  A rea
7a 7b 7a 7b
60 143 34 660 119 30
150 140 36 720 116 31
200 143 36 900 115 33
300 140 38 1080 110 34
400 139 38 1260 110 35
500 136 39 1440 112 36
700 132 43 1500 110 38
800 133 43 1620 104 38
900 132 46 2340 99 43
1000 129 46 2520 101 48
1100 132 45 2580 100 45
1300 130 49 2760 100 47
1500 ”  128 49 2880 97 50
1600 130 50 3060 95 48
1700 127 54 3240 94 49
1800 126 53 3420 95 51
1900 128 51 3600 95 51
2000 121 49 3780 93 50
2100 117 53 3960 91 52
2200 124 58 4140 91 53
2600 123 57
2800 124 62
3050 117 61
3200 122 63
3400 120 67
3600 111 65
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ZABLE B-5 (continued)
Run 1 (c o n tin u e d )
bTime, sec  R e la t iv e  Area
7arw 7b
3800 112 68
4000 108 68
4200 105 69
4400 105 70
4600 107 71
4800 103 71
5000 107 72
a0 .7 5  M in  7 . bFrom NMR.
TABLE B-5a 
R ate C o n stan ts  D erived  from  Table B-5«
Run
1
2
k '  x 10 , s e c -1  k i  x 104 , s e c -1  r
2 .1 7  + 0 .0 9  1 .1 3 + 0 .0 5  0 .9 9 2
2 .1 4 +  0 .1 2  1.11  + 0 .0 6  0 .9 9 2
FIGURE B-5 . Isomerization of cis-i-Chloro-I,2-dimethyl-i-silacyclobutane with
1.0 x 10"4 M HMPT. Data taken from Table B-5 , run 1.
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TABLE B-6
g
Isomerization of cis-l-Chloro-l.2-dimethyl-1-silacvclobutane
(7a) with 5-0 x 10"5 M HMPT in CC14 at h-5°.
Run 1 Run 2
Time. sec  R e la t iv e  Area
7a 7b
0 154 28
25 150 27
100 152 28
200 150 26
300 150 29
400 147 28
500 146 29
600 148 30
700 142 31
800 145 31
900 144 32
1000 144 32
1120 142 33
1200 144 33
1300 141 34
1400 142 34
1500 139 34
1600 140 36
1700 138 36
1800 141 37
1900 139 37
2000 138 37
2100 138 37
2200 136 38
2300 139 39
2400 139 38
2500 134 38
Time, sec  R e la t iv e  Area
7a 7br-rv
0 150 28
50 148 29
100 148 29
150 147 30
-‘225 148 30
300 145 30
400 146 31
00ir\ 149 31
600 145 32
700 145 32
800 143 32
900 143 34
1100 138 35
1200 141 36
1300 137 37
1400 141 37
1500 139 38
1600 137 38
1700 141 38
1800 140 40
1825 142 40
1900 142 40
2000 142 41
2100 141 39
2200 138 42
2300 138 42
2400 137 43
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TABLE B-6 (continued)
Run 1 (co n tin u e d ) 
Tim e, sec R e la tiv e  Area
7a Xfc
2600 lll-O 38
2900 138 39
3000 lk-2 h i
3100 135 39
3200 135 ho
3300 135 h2
3I4OO 132 hh
3500 132 h3
3700 131 kk
3800 130 kh
1 0^00 127 hh
U200 126 h6
4300 129 h5
MtOO 127 h j
lf-500 135 h i
ktioo 132 h9
14-700 130 hT
14-800 131 h i
14.900 132 h8
5000 130 h8
5100 128 h9
5200 130 50
5300 131 50
514-00 131 h9
5500 130 51
560 0 130 50
5700 129 51
5800 128 52
5900 129 51
Run 2 (c o n tin u e d )
Time. sec  R e la t iv e  Area
7a l b
2500 133 14-0
2600 138 *4-3
2700 136 kk
2800 13k hh
2900 13k kk
3000 136 14-5
3200 135 k6
3300 137 h6
3I1-OO 137 14-8
3500 137 h i
3600 1314- h i
3700 13k it-8
3800 I3h k9
3900 131 h9
14-000 126 k9
14-100 12 6 50
14-200 131 50
14-300 128 52
hhoo 127 52
14-500 125 52
lt-600 130 51
14-700 128 52
14-800 125 53
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TABLE B-6 (continued)
Run 3 Run 3 (c o n tin u e d )
Tim e, sec R e la t iv e A reab Time. sec R e la t iv e A rea
?arwv 7b 7a 7b
270 128 25 3120 116 37
360 128 23 3420 117 35
J+80 128 24 3720 116 36
600 125 25 3900 113 37
720 124 24 4380 108 37
8*K> 124 26 4500 112 38
960 126 27 4740 112 40
lllfO 118 26 4800 111 39
1320 1.19 28 5040 108 40
1500 117 28 5100 109 39
1680 122 28 5340 109 40
1920 119 29 5400 105 41
2160 114 30 5640 109 42
2400 117 32 5700 109 41
26*4-0 115 33 5940 105 41
2880 113 33 6000 110 43
a0.T5 M in  7- bFrom NMR.
TABLE B-6a 
R ate  C o n stan ts  D erived  from T able  B-6 .
Run k '  x 105 , s e c -1 k i x 105 , s e c "1 r
1 7 .73  ±  0 .25 4 .0 2  + 0 .1 3 O.992
2 9 .5 7  ±  0 .3 1 4 .9 8  + 0 . 16 O.993
3 7-54  + 0 .3 0 3 .9 2  + 0 . I 5 0 .9 9 3
FIGURE B-6 . Isomerization of cis-l-Chioro-1,2-dimethyl-1-
silacyclobutane with 5.0 x 10“s M HMPT. Data
taken from Table B-6 , run 2 .
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TABLE B-T
Is o m e r iz a tio n  o f  c i s - l - C h lo r o - 1 ,2- d im e th y l-1 -s i la c y c lo b u ta n e  
(7 a ) w ith  2 .5  x 10“5 M HMPT in  CC14 a t  4 5 ° .<MV
Run 1 Run 1 (c o n tin u e d )
Time. sec R e la t iv e  A rea^
7a 7b
0 154 27
100 150 27
200 151 28
400 151 28
600 146 29
800 152 28
900 148 29
1000 150 29
1200 153 29
1300 149 30
1400 148 30
1600 146 31
1800 150 30
1900 146 30
2000 153 30
2200 144 32
2400 148 32
2600 150 33
2800 147 33
3000 141 34
3200 148 34
3300 144 34
3400 145 35
Jj
Tim e. sec  R e la t iv e  Area
7a Ife
36OO 143 34
38OO 144 3^
4000 144 36
4200 139 35
4400 144 36
4600 140 37
4800 144 36
5000 145 38
5200 144 37
5400 140 36
5600 143 38
5800 144 ko
6000 138 38
6200 141 39
6400 140 40
6600 137 40
6800 138 40
7000 141 40
7200 137 42
7400 141 41
7600 141 42
7800 142 43
8000 146 42
TABLE B-7 (continued)
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Run 1 (c o n tin u e d )  Run 1 (c o n tin u e d )
I) bTim e, sec  R e la t iv e  Area Tim e. sec  R e la t iv e  Area
7a/w Ifc 7a
8200 lk3 k3 10200 138 ^5
8koo lk-3 ^3 10600 13k k5
8600 136 k3 10800 137 kk
8800 lko k3 11000 137 k6
9000 lko k3 11200 137
9200 lk-5 kk llkOO 137 k7
9k00 135 kk 11600 136 k7
9600 lko kk 11800 136 k8
9800 I k l kk 12000 136 k8
a0 .7 5  M in  7 . bFrom NMR.
TABLE B-7a 
R ate  C o n stan ts  D erived from  T able B -7.
Run k '  x 105 , s e c -1  k i  x 105 , s e c "1 r
1 2 .9 3  + 0 . 1k 1 .52  + 0 .0 7  O .98 I
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FIGURE B-7. Isomerization of cis-l-Chloro-l.2-dimethvl-l-
silacyclobutane with 2.5 x 10"5 M HMPT. Data
taken from Table B-7 , run 1.
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TABLE B-8
Q
Isomerization of cis-l-Chloro-1,2-dimethy1-1-silacyclobutane
(Ta) with 5.0 x 10"4 M HMPT in CC14 at 45°.
Run 1
A reab
Run 2
Time. sec R e la t iv e Time, sec R e la tiv e A reab
7ars/v 7b 7a Zfe
0 110 32 0 116 30
50 108 36 25 111 34
64 108 36 50 111 37
90 111 36 80 109 36
150 100 41 110 107 40
180 104 41 140 108 43
210 98 45 I 70 105 43
251 96 43 200 103 46
260 98 45 230 97 48
290 97 48 260 98 47
520 90 48 290 99 49
350 93 50 320 96 53
390 95 54 350 94 55
14-20 89 56 380 90 53
450 86 50 410 96 56
480 88 48 440 91 61
650 81 61 530 90 61
680 80 56 590 91 68
710 86 63 620 84 67
740 85 60 650 86 70
770 82 67
800 76 60
a l . l 5  M in  7 . bFrom NMR./V
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TABLE B-8a 
R ate  C o n sta n ts  D erived  from  T able B-8 .
Run
1
2
k '  x 103 , sec"  k i  x 104 , sec"  r
I . 6 3 + O . I 5 Q .k j  + O.78  O.977
2 .13  + 0 .1 5  11.1  + 0 .8  O.988
FIGURE B -8 . I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - 1 . 2 - d i m e t h v l - 1 -
s i l a c y c l o b u t a n e  w i t h  5 . 0  x  1 0 “ 4  M HMPT. D ata
ta k e n  from  T a b le  B -8 ,  r u n  2 .
Q
/
fOO 2 0 0  300 4 0 0  5 0 0  6 0 0
t (sec)
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TABLE B-9
Isomerization of cis-l-Chloro-1.2-dimethvl-l-silacvclobutanea
(7a) with 1.0 x 10"3 M HMPT in CC14 at 45°.
Run 1 Run 2
b bTim e, s e c  R e la t iv e  Area Tim e. s e c  R e la t iv e  Area
7a 7b
/ w 7a 7bc v v
0 80 25 0 91 24
30 82 24 30 84 27
60 85 30 60 85 30
90 80 33 90 82 32
120 76 35 120 83 33
150 76 33 150 80 38
180 75 38 180 78 35
210 78 40 210 78 40
240 71 ko 24-0 76 39
270 70 k2 270 75 44
300 69 it-5 300 70 43
330 67 50 330 67 45
360 69 k9 360 71 43
390 65 51 390 67 43
it-20 64 it-8 420 67 48
'+50 66 it-8 it-50 64 44
it-80 66 k9 480 68 50
310 64 50
,30 M in  7 . ^From NMR.
TABLE B-9a
R ate C onstan ts D erived  from T able B“9-
Run k '  x 103 ,, s e c "1 k i  x  103 , s e c -1 r
1 2 .7 8  + 0 .3 5 1 .44  + 0 .1 8 O.966
2 2 .k 2 + 0 .20 1 .26  + 0 .1 0 0 .984
FIGURE B-9. Isomerization of cis-l-Chloro-1,2"dinethyl-l-silacyclobutane with
1.0 x 10~3 M HMPT. Data taken from Table B-9 , run 2.
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TABLE B-10
Iso m e r iz a tio n  o f  c i s - l - C h lo r o - 1 . 2- d im e th y l- l - s i la c v c lo b u ta n e 3 
(7 a ) w ith  5 .0  x 10“4 M HMPT in  CC14 a t  4 5 ° .»w
Run 1 Run 2
b bTim e, se c  R e la t iv e  Area Tim e, se c  R e la t iv e  Area
7a 7b/W 7a 7b
0 99 24 0 115 26
50 94 25 30 110 30
100 94 29 60 116 31
150 95 33 90 112. 33
200 93 36 180 115 37
250 97 35 240 102 40
300 86 38 300 104 36
350 87 41 360 103 48
400 84 40 420 96 49
450 85 41 480 95 47
0 0 83 48 540 94 50
550 80 46 600 94 56
600 83 47 720 93 59
650 87 46 900 85 59
700 77 49
750 74 52
800 84 52
00 \_n O 77 53
900 71 55
950 75 55
a0 .3 0  M in  7 . bFrom NMR.
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TABLE B-lOa 
R ate C on stan ts D erived  from T able B -10.
Run k '  x 10s , s e c "1 k i  x 104 , s e c ”1 r
1 1 . 2 9 + 0 .1 4  6 .71  + 0 .T1 O.97 I
2 1 . 2 6 + 0 .1 1  6 . 5O + O .56  O.987
FIGURE B-10. Isomerization of cis-l-Chloro-l .2-dimethvl-l-silacvclubutane with
5-0 x 10"4 M HMPT. Data taken from Table B-10s run 1.
IB
r
0  100 2 0 0  3 0 0  4 0 0  5 0 0  6 0 0
t(sec)
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TABLE B-ll
Isomerization of cis-l-Chloro-1.2-dimethyl-l-silacvclobutanea
(7a) with 2.5 x 10"4 M HMPT in CC14 at 45°.
Run 1 Run 1 (co n tin u e d )
Time. sec R e la t iv e  A rea** Time. sec  R e la t iv e  A rea*3
7a< w 7b 7a/ W 7b< w
0 91 20 930 75 35
30 94 21 960 75 36
60 89 21 1020 80 37
120 90 23 1080 72 38
180 89 25 1140 77 35
240 91 25 1200 80 36
300 84 24 1260 74 42
360 87 27 1320 70 40
390 86 30 1380 73 40
420 86 30 1440 73 40
480 83 29 1500 71 40
51*0 83 28 I 56O 72 41
600 83 32 1620 75 43
660 80 33 1680 68 40
720 81 32 1740 68 42
780 80 37 1800 70 43
840 81 33
a0 .3 0 M in  7 . bFrom NMR.
TABLE B - l la  
R ate C o n stan ts  D erived  from  T able B - l l .
Run k' x 104 , sec-1 ki x 104, sec-1 r
1 4.98 + 0 .3k 2 .5 8 + 0 .1 7 O.98O
FIGURE B-ll. Isomerization of cis-l-Chloro-1.2-dimethvl-l-silacyclobutane with
2.5 x 10"4 M HMPT. Data taken from Table B-ll, run 1.
0  2 5 0  5 0 0  7 5 0  1000 1250 1500 1750
t (sec)
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TABLE B-12
*a
Isomerization of cis-l-Chloro-1,2-dimethyl-1-silacyclobutane
(7a) with 1.0 x 10“4 M HMPT in CC14 at 1+5°.
Run 1 Run 1 (c o n tin u e d )
Time, sec J & l f a z s . Time, sec R e la t iv e  Area
7 a J e 7b
20 93 21 1680 89 33
50 9h 22 1800 82 3l+
70 96 21 1920 82 31+
120 95 23 201+0 83 33
150 91 2l+ 2160 78 33
180 93 23 2280 82 38
2k0 96 23 21+00 77 36
300 89 21+ 2520 78 1+0
360 95 25 261+0 79 1+1
1+20 90 2l+ 2760 79 39
1+80 93 23 2880 71+ l+O
51+0 95 21+ 3000 78 l+o
600 89 21 3120 76 1+1
720 91+ 26 321+0 75 1+1+
750 83 28 3360 72 1+2
780 85 .26 31+80 71 i+o
81+0 89 28 36OO 71+ 1+1
900 89 28 381+0 75 1+1+
960 89 28 39 60 76 1+7
1080 88 28 i+080 73 1+3
1200 83 29 1+200 71+ 1+6
ll+l+O 88 33 1+320 75 1+6
1500 81+ 30 1+1+1+0 72 1+7
1560 85 31
a0.30 M in 7- bFrom NMR.
Run
1
11+0
TABLE B -I2a 
R ate  C o n stan ts  D erived from  Table B-12.
k '  x 104 s se c "1 k i  x 104 , s e c "1 r
2 .2 0  +  0 .09  1 . 1k + 0 .0 5  0 .9 8 9
FIGURE B-12. Isomerization of cis-l-Chloro-1,2-dimethyl-l-silacyclobutane with
1.0 x 10"4 M HMPT. Data taken from Table B-12, run 1.
O
o
1000 2000 
t(sec)
3 0 0 0 4 0 0 0
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TABLE B-13
8lIsomerization of cis-l-Chloro-l.2-dimethyl-1-silacvclobutane
( j a ) with 5.0 x 10"4 M HMPT in CC14 at 3^°K„
Run 1 Run 2
t) bTime. sec  R e la t iv e  Area Time. sec  R e la t iv e  Area
7a 7brw 7a 7b
0 113 31 0 110 40
50 108 34 25 105 40
100 105 39 55 105 45
150 102 44 100 109 45
200 100 45 150 92 48
OITNOJ 101 48 218 98 51*-
300 93 50 250 97 56
350 92 56 300 93 56
410 93 56 350 95 58
450 94 53 400 90 63
504 92 61 450 92 64
550 90 62 500 90 63
600 85 60 550 90 65
650 85 61 600 89 65
700 81 64 700 83 68
750 88 67 750 83 66
,75 M in  7 - ^From NMR.
TABLE B-13a
Rate C o nstan ts D erived from  Table B- 13 .
Run k '  x 103 3, sec "1 k i x 104 , s e c "1 r
1 1 .72  + 0 .1 3 8 .9 4  + 0 .6 8 O.989
2 1 .66  + 0 .1 4 8 .63  + O.73 O.985
FIGURE B-13. Isomerization of cis-l-Chloro-l.2-dimethyi-l-silacyclobutane with
5.0 x 1CT4 M HMPT at 329°K. Data taken from Table B-13, run 1.
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TABLE B-ll*
3Isomerization of cis-I-Chloro-I.2-dimethvl-l-silacvclobutane
(7a) with 5.0 x 10 "4 M HMPT in CC14 at 3l8°K.
Run 1 Run 2
Time„ sec R e la t iv e  Area k Time. sec R e la t iv e Area**
7a 7b/W 7a/N/V 7b
0 126 35 0 123 33
50 120 36 50 116 36
100 116 40 100 116 40
150 109 46 150 112 41
200 109 46 200 111 ^5
250 110 51 250 105 45
350 103 49 300 110 46
400 101 56 350 108 47
455 106 56 400 105 55
500 101 59 450 107 53
550 100 63 500 100 54
612 94 63 550 101 55
673 98 65 600 100 55
700 94 64 650 94 56
750 93 65 700 93 58
800 89 67 750 91 62
850 91 71 800 92 66
850 84 61
a0 .7 5  M in 7 . ^From NMR.
TABLE B -l4a
R ate C o n stan ts D erived from  Table B-14.
Run k '  x 103 a, s e c ”1 k i x 104 , s e c ”1 r
1 1 .44  + 0 .1 0 7 .5 4  + 0 .5 2 0 .990
2 1.25 + 0 .11 6 .50  + O.57 0 .982
U+5
FIGURE B-ll)-. Isomerization of cis-l-Chloro-1 .2-dimethvl-l-
silacyclobutane with 5.0 x 10“4 M HMPT at 3l8°K.
Data taken from Table B-lk, run 1.
/
/
O O
100 2 0 0  3 0 0  4 0 0  3 0 0  ® 00 7 0 0  @00
t(sec)
i k e
TABLE B-15
I s o m e r iz a tio n  o f  c i s 1- l-C h lo ro --1 , 2 -d im e th y l-1-
3
s ila c y c lo b u ta n e
( j a )  w ith  5 .0  x 10“4 M HMPT in  CC14 a t  308°K .
Run 1 Run 1 (c o n tin u e d )
Time. sec R e la t iv e A reab Tim e, sec R e la t iv e Area
7a 7b/NA/ 7a 7b<w
158 123 57 800 103 58
200 120 40 850 99 56
250 121 41 900 102 57
300 122 44 955 103 60
354 119 44 1015 100 57
400 116 ^5 1050 98 59
470 112 47 1100 97 60
550 110 51 1150 100 62
600 111 52 1250 96 61
650 109 54 1300 95 63
700 105 51 1350 93 61
750 100 51 1400 97 63
a0 .7 5  M in  7 . bFrom NMR.
TABLE B -I5a 
R ate C o n stan ts  D erived  from  T able  B-15 .
Run k' x 104 , sec”1 kx x 104 , sec”1 r
1 7.10+0.42 3 .69 + 0 .2 2 O .989
llf-7
FIGURE B-15. Isomerization of cis-1-Chloro-i.2-dimethyl-1-
silacyclobutane with 5*0 x 10“4 M HMPT at 308 iC.
Data taken from Table B-15, run 1.
/
C 0 .9
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TABLE B-16
Isomerization of cis-l-Chloro-1.2-dimethvl-l-silacvclobutanea
(Ta) with 5.0 x 10“4 M HMPT in CC14 at 297°K.
Run 1 Run 1 (c o n tin u e d )
Time. sec R e la t iv e  Area Time. sec R e la tiv e Area
7as/ 7a 7b
0 129 36 1300 117 57
50 129 37 1400 118 56
100 132 35 1500 116 56
150 130 38 1600 113 58
200 129 38 1700 107 61
300 129 41 1800 106 63
400 122 43 1900 112 63
500 121 45 2000 106 64
600 120 45 2100 106 63
700 115 48 2200 108 67
800 118 48 2300 101 67
900 114 50 2500 101 69
1000 113 50 2600 98 68
1100 115 55 2700 100 70
1200 111 55
a0 .7 5  M in  bFrom NMR.
TABLE B -l6a 
R ate C o n stan ts  D erived from Table B-16.
Run k/ x 104, sec"1 ki x 104, sec"1 r
1 3 .8 2 + 0 .1 9 1.9 9 + 0 .1 0 O.99I
li+9
FIGURE B-16. Isomerization of cis-l-Chloro-1.2-dimethvl-1-
s i la c y c lo b u ta n e  w ith  5«0 x 10"4 M HMPT a t  297°K» 
Data tak en  from  T able B -16, ru n  1.
9
c  i .o
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TABLE B-17
Isomerization of cis-l-Chloro-1.2-dimethyl-l-silacvclobutanea
(7a) with 5.0 x 10"4 M HMPT in CC14 at 284°K.
Run 1 Run 1 (c o n tin u e d )
Tim e. sec R e la t iv e  Area Time. sec R e la t iv e Area
7a 7a 7b/w
0 138 31 2600 128 48
50 141 31 2700 124 50
200 139 32 2800 121 49
400 137 35 3000 122 52
600 126 36 3200 116 55
700 128 40 3400 121 53
800 142 37 3600 116 53
900 130 40 3800 120 55
1000 129 39 4000 113 53
1200 131 40 4100 118 59
1400 128 42 4200 115 56
1600 135 42 4400 119 60
1800 125 46 46oo 113 57
2000 129 45 4800 113 61
2200 120 50 5000 108 61
2400 122 48
a0 .75  M in  7 . bFrom NMR.
TABLE B-17a 
R ate C o n sta n ts  D erived  from Table B -17 .
Run k' x 104, sec"1 ki x 105, sec"1 r
1 I.3 6 +O.O9 7.07+0.45 0.984
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FIGURE B-17. Isomerization of cis-l-Chloro-1,2-dimethyl-1-
silacyclobutane with 5.0 x 10”4 M HMPT at 28^°K.
Data taken from Table B-17, run 1*
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TABLE B-18
Iso m e r iz a t io n  o f  c i s - l - C h lo r o - 1 .2 - d im e th y l-1 - s i la c v c lo b u ta n e  
(7 a )  w ith  5 -0  x 10“4 M HMPT in  CC14 a t  271 °K.'Vrs/
Run 1 Run 1 (c o n tin u e d )
Tim e, sec R e la t iv e A reab Time. sec R e la t iv e Area
7a 7b 7a/W 7b/s/w
0 125 25 3000 117 35
25 123 26 3400 121 36
60 126 26 3600 118 36
100 124 27 3800 119 37
200 123 26 4000 120 37
300 123 27 4400 118 39
400 125 28 4600 116 37
600 123 28 4800 117 40
700 123 28 5200 115 40
800 124 29 5400 117 40
1000 119 30 5800 115 40
1130 122 30 6000 113 40
1200 126 29 6400 113 40
14oo 123 30 6800 113 41
1800 126 32 7200 112 44
2000 121 33 7400 111 44
2200 119 34 7600 117 44
2400 125 35 7800 113 45
2750 116 35 8000 109 43
2800 119 36
a0 .7 5  M in  7 . bFrom NMR.
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Run
1
TABLE B -l8a 
R ate  C o n stan ts  D erived  from T able B-18.
k '  x 105 , s e c -1  k i  x 105 , s e c -1  r
1|- .81  + 0 . 2^ 2 . 5 0 + 0 .1 2  O.988
FIGURE B - 1 8 .  I s o m e r i z a t i o n  o f  c i s - l - C h l o r o - 1 , 2 - d i m e t h y 1 - 1 - s i l a c y c l o b u t a n e  w i t h
5 . 0  x  1 0 ”4 M HMPT a t  2 7 I °K .  D ata  t a k e n  fro m  T a b le  B - 1 8 ,  ru n  1 .
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TABLE B-19
Isomerization of cis-l-Chloro-1.2-dimethvl-l-silacvclobutanea (7a)TTlTir- II / v / V
with 2.6 x 10“4 M Tetrabutylammonium Bromide in CC14 at 1+5°.
Run 1 Run 2
b bTime, sec  R e la t iv e  A rea Tim e. sec  R e la t iv e  Area
7a
/ W
7b
/ W
7a 7b
r w N /
335 111+ 1+3 0 119 37
1+00 111 43 50 117 36
500 111 1+8 100 120 1+0
600 109 51 160 111+ 1+1
700 106 51 200 120 1+3
800 100 53 250 120 1+5
900 103 56 300 117 k5
1000 105 56 350 116 1+6
1100 103 60 1+00 115 1+7
1200 103 61 1+50 112 50
1500 97 61 500 116 50
11+00 96 62 550 111+ 1+9
1500 96 66 600 112 50
1600 93 61+ 700 116 51
1700 9*+ 61+ 825 105 53
1800 95 66 910 95 52
1900 93 61+ 1010 111 53
2000 89 67 1100 109 53
2100 88 71 1200 108 55
2200 89 69 1300 101+ 56
11+00 108 59
1500 102 58
1600 101 58
1700 103 60
1800 99 60
1900 102 59
2100 102 65
a0.75 M in 7. bFrom NMR.
Run
1
2
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TABLE B~19a 
R ate C o n stan ts  D erived  from  T able  B-19 .
k '  x 104 , s e c -1  k i  x 104 , s e c "1 r
5 .82  ±  0 .4 7  3 .0 3  + 0 .2 4  0 .984
3 .4 2  + 0 .3 2  I . 7 8 + O . I 7 0 .9 7 2
FIGURE B-19. Isomerization of cis-l-Chloro-1»2-dimethyl-l-silacyclobutane with
Tetrabuty1ammonium Bromide. Data taken from Table B»195 run 1.
3 0 0 @00 9 0 0
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FIGURE B -20 . A rrhenius P lo t .  Data taken  from  
T ab les A -lJ a  through A - l8 a .
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